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ABSTRACT 

Context. Planetary nebulae (PNe) are excellent tracers of the common low mass stars through their strong and narrow emission lines. 
The velocities of large numbers of PNe are excellent tracers of galaxy kinematics. NGC 5128, the nearest large early-type galaxy, 
offers the possibility to gather a large sample. 

Aims. Imaging and spectroscopic observations of PNe in NGC 5128 were obtained to find and measure their velocities. Combined 
with literature data, a large sample of high quality kinematic probes is assembled for dynamical studies. 

Methods. NTT imaging was obtained in 15 fields in NGC 5128 across 1° with EMMI and [O III] and off-band filters. Newly detected 
sources, combined with literature PN, were used as input for FLAMES multi-fibre spectroscopy in MEDUSA mode. Spectra of the 
4600-5100A region were analysed and velocities measured based on [O III]4959,5007A and often H/3. 

Results. The chief results are catalogues of 1118 PN candidates and 1267 spectroscopically confirmed PNe in NGC 5128. The 
catalogue of PN candidates contains 1060 PNe discovered with NTT EMMI imaging and 58 from literature surveys. The spectroscopic 
PN catalogue has FLAMES radial velocity and emission line measurements for 1135 PNe, of which 486 are new. Another 132 PN 
radial velocities are available from the literature. For 629 PNe observed with FLAMES, H/3 was measured in addition to [O III]. Nine 
targets show double-lined or more complex profiles, and their possible origin is discussed. FLAMES spectra of 48 globular clusters 
were also targetted: 11 had emission lines detected (two with multiple components), but only 3 are PNe likely to belong to the host 
globular. 

Conclusions. The total of 1267 confirmed PNe in NGC 5128 with radial velocity measurements (1135 with small velocity errors) 
is the largest collection of individual kinematic probes in an early-type galaxy. This PN dataset, as well as the catalogue of PN 
candidates, are valuable resources for detailed investigation of NGC 5128. 

Key words. Galaxies: elliptical and lenticular, cD - galaxies: individual: NGC 5128 - Galaxies: kinematics and dynamics - planetary 
nebulae: general 


1. Introduction 


NGC 5128 is the closest example of a large early-type (gE/S0) 
galaxy and it has been the subject of extensive studies. Many 
of these have concentrated on its active nucleus, which is ob¬ 
served over the whole electro mag netic spectrum from y rays 
to low frequency radio (see llsraellll998L for an earlier review), 
and the galaxy is often referred to by its radio source name as 
Centaurus A. NGC 5128 shows signs of major nuclear activ¬ 
ity, including the AGN and supermassive black hole (iNeumaverl 
1201 Ol and references therein). There is also evidence of past 
interaction events, in the for m of a dust lane with a ring of 
young clusters and HII regions ( IKainulainen et al.12009 : Graham 


a young (~0.3 Gyr) tidal s tream dPeng et al. 


2002) and 


stellar shells in its outer regions (lMalin et al.l 119831) . However 
despite its disturbed past, it may well be a typical early-type 


* Based on observations collected at the ESO La Silla-Paranal Obser¬ 
vatory within observing programmes 060.A-9140 (FLAMES Science 
Verification) and 073.B-0434. 


galaxy dominated by an old stellar population. The Sauron and 
ATLAS 30 surveys have shown that at least 40% of local early- 
type gala xies show signs of i nteractions with HI, molecular 
emission (ICombes et all 120071 : |Davis_etaQ_ 201 it Young et aD 
120131) . extended emission li ne gas ( Sam et all 20071) and mul- 
tiple kinematic components. lHarrisl ( 2010l) provides the most re¬ 
cent review of the underlying elliptical galaxy properties, includ¬ 
ing its large population of globular clusters and planetary nebu¬ 
lae. 


NGC 5128 shows signs of major nuclear_activity, including 
the AGN and supermassive black hole (iNeumaved 1201 Ol and 
references therein). There is also evidence of past interaction 
events, in the form o f a dust lane with a ring of young clus 


ung 

ters and HII regions (IKainulainen et al.l 2009: Grahamlfl979l) . 
a young (~0.3 Gyr) tida l stream ( Peng et al.l l2002l> and stellar 
shells in its outer regions (Ma lin et al .1 1 983l) ~~However despite its 
disturbed past, it may well be a typical early-type galaxy domi¬ 
nated by an old stellar population. 


Article number, page 1 ofl 191 















































A&A proofs: manuscript no. WalRejWal 


The first extensive catalogue of pla netary n ebulae (PNe) in 
NGC 5128 was released by iHui et al] d!993bl) using the now 
classical technique of difference filter imaging on the strong 
[O III]5007A emission line and on a redder band that includes 
only very weak emission lines. The 785 PN candidates were cat¬ 
alogued. From their [O III] magnitudes,iHuTeTaL ( 1993al ) deter¬ 
mined a distance of 3.5 Mpc to NGC 5128 by fitting the plan¬ 
etary nebula luminosity function (PNLF) and comparing it to 
that of M31. Independent measurements from the Mira period- 


ant branch (Reikuba 2004; 

Reikuba et al. 2005]), surface bright- 

ness fluctuations (Ton 

rv et al. 2001), globular cluster luminosity 

function (Harris et al 

1988 

) and 42 classical Cepheid variables 
resulted in distance estimates in the 

(Ferrarese et alj2007 

have 


sive review of distance estimates to NGC 5128 and recommend 
a value of 3.8 Mpc, which is adopted here (distance modulus 
27.91 ± 0.08 mag). 

The same PN detection technique was employed by 
Peng et a l .1 (12004c ’) to extend the initial detection survey of 
Hui et al. (11993b ) to an additional set of 356 PN candidates, con¬ 
centrating on the outer regions and reaching as far as ~ 15 r e (87 
kpc for distance corrected to 3.8 Mpc) and including four PNe 
at radii >65 kpc. Thus together with the 785 PN candidates from 
[Hui et al . dl993b ). these two surveys have brought the total num¬ 
ber of PN candidates in NGC 5128 to 114 ffl comparable to the 
number known in t he Milky Way and M 31 dParker et al. 11201 21 : 
iMerrett et al.l l2006). making it the third largest galaxy PN sam¬ 
ple to date. 

The confirmation of PN candidates from imaging surveys 
as bona fide PNe is usually performed by spectroscopic detec¬ 
tion of the narrow emission lines, particularly of the [O III] 
doublet at 4959, 5007A. The detection efficiency of the on/off- 
band imaging technique is generally high. This arises since the 


[O III]5007A line has a large equivalent width, the nebular con¬ 
tinuum is low and the star is hot, so the contrast of the on- and 
off-band images is large. Aside from the false detections through 
poorly matched photometry or on- and off-band [O III] images 
taken under different observing conditions, potential contami¬ 
nants are compact HII regions (such as are present in the vicinity 
of the dust lane of NGC 5128), symbiotics stars, supernova rem¬ 
nants and emission line galaxies at higher redshift, such as [OII] 
e mitt e rs at z=0.34 or even Lyman-cr emitters at z=3.1 (e.g. see 
IfCudritzki et all 1999 ). 

Early spectroscopy of PNe in NGC 5128 was performed by 
[Walsh et~al3 (i 19991 ) who observed five PNe with long slits and 
analysed their reddening and O/H abundance ratios. A larger 
sample of PNe, selected from the catalogue ol llluiet al . ( 1993b ). 
was observed with FORS multi-slits and spectra of 51 PNe were 
measured in three fields at offsets from 4 to 17 kpc dWalsh et al.1 
( 2012 )). Fainter diagnostic lines for electron temperature and 
density determination were measured in a fraction of these PNe. 
All targets showed entirely characteristic PN spectra and light 
element abundances (He, N, O, Ne) were determined by com¬ 
parison to photoionization models. A mean [O/H] of -0.17 was 
determined, with no evidence of a radial gradient in O/H. 

Other spectroscopic studies have focussed on PNe as kine¬ 
matic probes. [Hui et al] (119951) obtained multi-object (fibre- 


1 N ote thatlPeng et al . (2004c) mention th at one pair of PN candidates 

from lHui et all dl993bl) (also contained in lHui et aD d 1 9951 ) ) is actually 
the same object, and therefore the total number should have been re¬ 
ported as 1140. We have made careful checks of duplicate entries and 
discuss astrometry in section [2~3l 


linked) spectroscopy of some of their PN candidates and mea¬ 
sured radial velocities from the [O III]5007A line for 433 (cor¬ 
rected to 431 unique PNe bv lPeng et al . ( 2004c ). after account¬ 
ing for repeat detections). Two spectrometers were employed 
giving resolutions of 2 and 4 A and lcr radial velocity errors of 4 
and 30 kms 1 respectively. Out to 10 kpc, the PN velocity field 
was found to have features of a triaxial potential, such as an off¬ 
set between the rotation axis and the minor axis and the line of 
maximum rotation. The isotropic Jeans equation was applied to 
the PN position and kinematic data providing evidence of an in¬ 
creased mass-to-light ratio with radius consistent with the pres¬ 
ence of a dark matter halo. 

iPeng et akl (l2004d) t argeted spectroscopically 353 PN can- 
didates from IHui et alj (Il993bl) . not confirmed previously by 
IHui et al.l(fT995lk as well as their own 356 PN candidates. They 
used AAO/2dF and CTIO ARGUS and Hydra spectrometers 
which provided resolutions from 2.2 to 4.9A. The spectral range 
was centred on [O III]5007A except for two fields along the mi¬ 
nor axis t hat included H a instead. Combining with the litera¬ 
ture dat a (IHui et al.l 1 19951) and removing duplicates, Pen g et al.l 
(2004c|) presented a catalogue of 780 spectroscopically con¬ 
firmed PN in NGC 5128, adding 349 newly confirmed PN from 
their spectroscopic follow-up. The more extensive spatial cov¬ 
erage and number of velocity probes led to more detail on the 
velocity field, such as the large rotation along the galaxy major 
axis and a pronounced twist of the zero-velocity contour, indica¬ 
tive of a triaxial potential, probably prolate. The total dynamical 
mass of the galaxy, including the dark matter halo, was mea¬ 
sured to be ~ 6 x 10 11 M 0 , but the mass-to-light ratio (M/Lb) 
was estimated to be abnormally low with respect to other ellipti¬ 
cal galaxies. 


Another source of kinematic probes in NGC 5128 are 
the extensive catalogue of globulars clusters (GCs). Cur- 


measurements 

(van den Bergh et al. 1981; Hesseretal. 1984, 

1986; 

Harris et al. 1992f Peng et al. 2004a Woodlev et al. 

2005, 

2010b 

1 Re 

kuba et al. 2007j Beasley et al. 2008!). 

Woodley et al. 

(|2007 

) presented a combined kinematic study 


based on 780 PN velocities dPeng et al.ll2004cl) and 340 GC ve¬ 
locities. There are some differences between the PN and GC 
kinematics such as higher rotation amplitude of 76 kms -1 for 
PN compared to 47 and 31 kms' 1 for the metal-rich (red) and 
metal poor (blue) globulars, respectively. Using the tracer mass 
estimator, as done by [Peng et al. ( 2004c ). the mass supported by 
rotation is 0.9x 10 12 M o from the PN data while for the combined 
GC data set, the total ma ss is estimated at 1.2xl0 12 M H , both con¬ 
sistent within the errors. Harris et~akl d2012l) have presented a list 
of 833 new high-quality GC candidates 0.8 mag fainter than the 
globular cluster luminosity function turnover point, which will 
provide a further rich source for kinematic studies, after acquir¬ 
ing necessary radial velocity data. 


1 Woodley & Harris! d201 ll ) used both the position and veloc¬ 
ity data on the PNe and GCs in NGC 5128 to search for possible 
sub-groups that may trace satellite galaxy accretion events onto 
the giant elliptical host galaxy. Using a position and kinematic 
search criterion, four subgroups based on PNe and four based on 
GCs were localised with two of the subgroups in common. While 
the role of both GCs and PNe as kinematic probes of a galaxy 
is highly complementary, and for a full picture of the global ve¬ 
locity field both are obviously required, the emission line nature 
of the PN spectra offers some advantages, in particular ease of 
spectroscopic confirmation and simplicity and accuracy of mea- 
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surement of radial velocities (no templates are required and the 
emission lines are narrow). 

With the advent of the FLAMES multi-object facility at the 
ESO VLT, it became possibl e to extend the 4 m class tele¬ 
scope P N kinematic surveys of lHui et akl (1 19951) and lPeng et al.1 
(2004c) with higher spectral resolution, leading to some distinct 
advantages. The higher throughput allows the 3-times weaker 
4959A line of the [O III] doublet to be detected for all but the 
faintest PNe, thus breaking any possible degeneracy through the 
detection of only a single line and leading to better discrimina¬ 
tion against higher redshift emission line sources, together with 
improved velocity determinations based on multiple lines. Also 
the possibility to detect the H/j line helps to confirm the PN 
nature of the sources, distinguishing them, for example, from 
compact HII regions and X-ray nebulae associated with binary 
sources. The higher spectral resolution allows high absolute ve¬ 
locity accuracy to be attained, reducing the uncertainties on 
the velocity dispersion of the sample, with concomitant advan¬ 
tages for the velocity modeling. The larger telescope aperture of 
course enables the radial velocity of fainter PNe to be recorded 
since they are point sources at the distance of NGC 5128, thus 
increasing the sample. 

The effectiveness of the FLAMES GIRAFFE spectrograph 
for PN spectroscopy was first tested during the science verifi¬ 
cation (SV) of the instrument in 2003. The match between the 
instrument multiplex and the sensitivity showed that at least the 
strongest [O III]5007A line can be detected in all PN found 
from previous imaging surveys. We thus extended these imag¬ 
ing surveys by undertaking a survey with the 3.58 m NTT in La 
Silla using EMMI instrument to detect more PNe across the sur¬ 
face of NGC 5128. The resulting PN candidates, complemented 
with a dditional PN candidate s from the catalogu e of [Peng et al. 
(l2004ch (that includes also the lHui et al.l (11993m PN candidates) 
were observed in 10 FLAMES pointings (diameter ~25') within 
a service mode programme in the ESO Period 73. This paper de¬ 
scribes these observations and the resulting new catalogue, that 
almost doubled the number of previously known PN with spec¬ 
troscopically measured velocities in NGC 5128. 

The imaging observations with EMMI and the reductions 
are described in section [2] Section Q] presents all the FLAMES 
observations from both SV and the later ESO Period 73 pro¬ 
posal. Section [373] is devoted to the reduction of the GIRAFFE 
spectra and derivation of the radial velocities and presentation 
of the catalogue of kinematic data. In section [4] the catalogues 
of new PN candidates and spectroscopically confirmed PNe are 
presented. The total number of PNe with a velocity determina¬ 
tion in NGC 5128 now reaches 1267. Section [5] discusses vari¬ 
ous aspects of the data such as PN spectra with unusual velocity 
structure, emission line sources at the positions of globular clus¬ 
ters and comparison with X-ray source catalogues. The discus¬ 
sion briefly summarizes aspects of the data and outlines poten¬ 
tial follow-on studies. The data in the form of PN position, radial 
velocity and, where available, an [O III]/H/? line ratio, are made 
available electronically at CDS, and we encourage exploitation 
of this high quality data set. 


2. Imaging data 

2.1. EMMI Imaging Observations 

The imaging observations were carried out with the ESO Multi 
Mode Instrument (EMMI; iDekker et al.ll 1986b mounted on the 
Nasmyth B focus of the ESO New Technology Telescope (NTT) 


Table 1 . EMMI imaging filters 


Filter 

Name 

Central A 
(nm) 

Width 

(nm) 

Peak T 

(%) 

OIII#589 

501.1 

5.5 

61 

Spe#767 

546.4 

20.7 

75 

Hcr#596 

656.8 

7.3 

54 

H<?#601 

689.4 

7.3 

58 


P6E ‘ P6W 



ME . 

4W • 




!l 

PI w • piww- 


1 

1 

1 

1 

. 






Fig. 1 . Distributions of the fields imaged with EMMI on the ESO NTT 
are shown on the DSS2 red image of NGC 5128. 


during 4 visitor mode observing nights 12-16 May 2004 allo¬ 
cated to the observing run 073.B-0434(A). 

EMMI is equipped with two 2k x 4k MIT/LL CCDs with 
15x15 fim pixels, yielding 07166 pixel size and the field size of 
9'.9 x 9(1. The two CCDs are mounted next to each other with a 
gap of 47 pix (7782) in between. The EMMI images are in Multi- 
Extension Format (MEF) with 4 extensions, corresponding to the 
2x2 amplifiers. However, the size of the image in the extension 
4 is very small (with useful data recorded over less than 14" on 
a side), the number of sources detected there was negligible and 
some were spurious. Therefore, in the following it was decided 
to use only sources detected in the first three extensions (an area 
of 20(84 2 ). 

The plan was to cover the 20 x 10 kpc 2 (major x minor 
axis) with 22 fields oriented along the major axis (PA=35°) us¬ 
ing EMMI red arm imaging mode. Each field was planned to 
receive 80 min exposure with [O III] exposures taking 60 min 
and the off-band continuum filter 20 min, with the aim to reach 
at 3cr PN candidates with m 50()7A = 27.5. The on-band filter was 
[O III]#589, centred at 5011A and the off-band filter was the so- 
called SPE#767 centred at 5464A. Basic characteristics of the 
filters are given in Table Q] 

The sky was clear or photometric for the first three nights, 
with the last night having thin cirrus in the beginning and then 
thick clouds at the end. Seeing was generally excellent, resulting 
in 2.5-4.5 pix (0742 - 0775) FWHM images, except for the end 
of the third and fourth nights, when it degraded. As a result, bad 
image quality and low limiting flux occurred for the F7E field 
off-band images taken on the fourth night. There were too many 
detections in the [O III] images of this field that had no counter¬ 
part in the off-band images due to thick clouds. Similar problems 
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Table 2. Log of NTT EMMI on- / off-band imaging 


Field 

a 

(h m s) 

5 

(° ' ") 

UT date 

T 

1 exp 

(sec) 

Filter 

Airmass 

IQ* 

(") 

Note 

NGC5128-P1 

13 25 28 

-43 01 10 

2004-05-13 

2x1800 

OIII#589 

1.39 

0.75 


NGC5128-P1 

13 25 28 

-43 01 10 

2004-05-13 

2x600 

SPE#767 

1.21 

0.83 


NGC5128-P1 

13 25 28 

-43 01 10 

2004-05-14 

2x1200 

HA#596 

1.03 

0.65 


NGC5128-P1 

13 25 28 

-43 01 10 

2004-05-14 

2x1200 

HA#601 

1.03 

0.60 


NGC5128-P1 

13 25 28 

-43 01 10 

2004-05-14 

1x600 

SPE#767 

1.45 

0.60 


NGC5128-P1E 

13 25 53 

-43 01 10 

2004-05-14 

2x1800 

OIII#589 

1.4 

0.75 


NGC5128-P1E 

13 25 53 

-43 01 10 

2004-05-14 

2x600 

SPE#767 

1.06 

0.60 


NGC5128-P1EE 

13 26 30 

-43 01 10 

2004-05-14 

2x1800 

OIII#589 

1.06 

0.60 


NGC5128-P1EE 

13 26 30 

-43 01 10 

2004-05-14 

2x600 

SPE#767 

1.13 

0.55 


NGC5128-P1W 

13 25 03 

-43 01 10 

2004-05-14 

2x1800 

OIII#589 

1.20 

0.58 


NGC5128-P1W 

13 25 03 

-43 01 10 

2004-05-14 

2x600 

SPE#767 

1.37 

0.58 


NGC5128-P1WW 

13 24 26 

-43 01 10 

2004-05-14 

2x1800 

OIII#589 

1.62 

0.60 


NGC5128-P1WW 

13 24 26 

-43 01 10 

2004-05-14 

2x600 

SPE#767 

2.02 

0.75 


NGC5128-P2 

13 25 36 

-42 57 29 

2004-05-12 

2x1800 

OIII#589 

1.27 

0.60 

Elliptical images 

NGC5128-P2 

13 25 36 

-42 57 29 

2004-05-12 

1x300 

SPE#767 

1.44 

0.56 


NGC5128-P2 

13 25 36 

-42 57 29 

2004-05-12 

2x600 

SPE#767 

1.381 

0.65 


NGC5128-P2E 

13 26 08 

-42 56 20 

2004-05-13 

3x1800 

OIII#589 

1.12 

0.45 

Elliptical images 

NGC5128-P2E 

13 26 08 

-42 56 20 

2004-05-16 

2x1800 

OIII#589 

1.11 

0.65 


NGC5128-P2E 

13 26 08 

-42 56 20 

2004-05-13 

2x600 

SPE#767 

1.05 

0.50 

Elliptical images 

NGC5128-P2E 

13 26 08 

-42 56 20 

2004-05-13 

2x600 

SPE#767 

1.03 

0.44 


NGC5128-P2W 

13 25 19 

-42 56 20 

2004-05-13 

2x1800 

OIII#589 

1.17 

0.47 


NGC5128-P3 

13 25 14 

-43 06 00 

2004-05-13 

2x1800 

OIII#589 

1.05 

0.50 


NGC5128-P3 

13 25 14 

-43 06 00 

2004-05-13 

2x600 

SPE#767 

1.1 

0.45 


NGC5128-P3E 

13 25 39 

-43 06 00 

2004-05-13 

2x1800 

OIII#589 

1.45 

0.55 


NGC5128-P3E 

13 25 39 

-43 06 00 

2004-05-13 

2x600 

SPE#767 

1.31 

0.50 


NGC5128-P3W 

13 24 49 

-43 06 00 

2004-05-15 

2x1800 

OIII#589 

1.12 

0.45 


NGC5128-P3W 

13 24 49 

-43 06 00 

2004-05-15 

2x600 

SPE#767 

1.07 

0.40 


NGC5128-P4E 

13 26 26 

-42 51 30 

2004-05-15 

2x1800 

OIII#589 

1.17 

0.50 


NGC5128-P4E 

13 26 26 

-42 51 30 

2004-05-15 

2x600 

SPE#767 

1.07 

0.50 


NGC5128-P4W 

13 25 41 

-42 51 30 

2004-05-15 

3x1800 

OIII#589 

1.03 

0.43 


NGC5128-P4W 

13 25 41 

-42 51 30 

2004-05-15 

2x600 

SPE#767 

1.05 

0.35 


NGC5128-P5E 

13 25 18 

-43 10 50 

2004-05-15 

2x1800 

OIII#589 

1.27 

0.54 


NGC5128-P5E 

13 25 18 

-43 10 50 

2004-05-15 

2x600 

SPE#767 

1.47 

0.55 


NGC5128-P5W 

13 24 29 

-43 10 50 

2004-05-15 

2x1800 

OIII#589 

1.75 

0.75 


NGC5128-P5W 

13 24 29 

-43 10 50 

2004-05-15 

2x600 

SPE#767 

2.28 

1.05 


NGC5128-P6E 

13 26 58 

-42 42 50 

2004-05-16 

3x1800 

OIII#589 

1.03 

0.50 

Elliptical 

NGC5128-P6E 

13 26 58 

-42 42 50 

2004-05-16 

2x600 

SPE#767 

1.06 

0.45 


NGC5128-P6W 

13 26 13 

-42 42 50 

2004-05-16 

2x1800 

OIII#589 

1.24 

0.55 


NGC5128-P6W 

13 26 13 

-42 42 50 

2004-05-16 

2x600 

SPE#767 

1.44 

0.56 


NGC5128-P7E 

13 24 42 

-43 19 15 

2004-05-16 

1x1800 

OIII#589 

1.83 

0.63 

Thin clouds 

NGC5128-P7E 

13 24 42 

-43 19 15 

2004-05-16 

1x1000 

OIII#589 

1.83 

0.76 

Thin clouds 

NGC5128-P7E 

13 24 42 

-43 19 15 

2004-05-16 

2x600 

SPE#767 

2.24 

1.10 

Thick clouds! Guiding problems 

NGC5128-P10 

13 27 48 

-42 25 00 

2004-05-13 

1x1800 

OIII#589 

1.78 

0.45 


NGC5128-P10 

13 27 48 

-42 25 00 

2004-05-13 

1x600 

SPE#767 

2.10 

0.68 


NGC5128-P10 

13 27 48 

-42 25 00 

2004-05-14 

1x1800 

OIII#589 

1.34 

0.45 


NGC5128-P10 

13 27 48 

-42 25 00 

2004-05-14 

1x600 

SPE#767 

1.24 

0.88 



Notes. * IQ is the image quality (FWHM in arcseconds) measured on the images. 


were also encountered with the P5W field for which data were 
taken at high airmass at the end of third night. Therefore it was 
decided not to follow-up these fields further. Field PI overlaps 
completely with PI W and PIE and therefore sources from these 
fields are in common. Ha images for field PI were also obtained, 
with the aim to distinguish between potential HII regions in the 
central parts of the galaxy and PN candidates, but these images 
are not discussed here. Hence, finally here we concentrate on 
the 15 fields with best quality data for PN candidate search. The 


distribution of these fields is shown in Fig. Q] while for com¬ 
pleteness all EMMI observations are listed in the observing log 
in Table |2j all coordinates are J2000. 

2.2. EMMI data reduction 

The primary goal of the EMMI imaging run 073.B-0434(A) was 
to identify PN candidates for the spectroscopic follow-up with 
FLAMES run 073.B-0434(B). To speed up the preparation of 
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Table 3. Off-band, [O III] on-band and PN candidate detections in 
EMMI images. 


Field 

ID 

Off-band 

detections 

[OIII] 

detections 

PN 

candidates 

NGC5128-P1E 

1415 

1183 

165 

NGC5128-P1EE 

1184 

1033 

92 

NGC5128-P1W 

1288 

1241 

212 

NGC5128-P1WW 

1061 

1179 

133 

NGC5128-P2 

1180 

1421 

333 

NGC5128-P2E 

1658 

1233 

191 

NGC5128-P3 

1611 

1521 

282 

NGC5128-P3E 

1586 

1394 

224 

NGC5128-P3W 

1783 

1507 

237 

NGC5128-P4E 

1717 

1505 

170 

NGC5128-P4W 

2111 

1751 

218 

NGC5128-P5E 

1515 

1290 

110 

NGC5128-P6E 

1078 

1029 

59 

NGC5128-P6W 

1348 

1205 

93 

NGC5128-P10 

1668 

1842 

42 

Total 



2561 


the already scheduled follow-up spectroscopic observations, we 
used only the first [O III] and the first off-band exposures to 
create the list of PN candidates: thus the detection images had 
1800sec exposure for on-band and 600sec for the off-band data. 
Data reduction was done using the Cambridge Astronomy Sur¬ 
vey Unit (CASU) pipeline and consisted of bias subtraction, flat- 
fielding, astrometric correction and source extraction using aper¬ 
ture photometry. 

The on- and off-band detections were then matched and the 
PN candidates were identified with on-band sources that did not 
have an off-band counterpart. The number of sources detected in 
the [O III] and off-band filters and the number of PN candidates 
in each field are listed in Table [3] Combining the two exposures 
per filter should result in a more complete catalogue of PN candi¬ 
dates in NGC 5128, yielding some additional fainter sources, and 
is being undertaken. To assess the quality and reliability of these 
fainter sources extensive completeness simulations and possibly 
some spectroscopic follow-up will need to be done. 

The 2561 EMMI PN candidate sources were first culled from 
double detections due to field overlaps. The 401 groups of ob¬ 
jects (280 pairs and 121 triplets) were identified within a 075 
circle on the sky, hence decreasing the EMMI PN candidate list 
to 2039 unique sources 0. The candidate list was matched with 
PN catalogues from the literature in order to build a comprehen¬ 
sive catalogue of PN candidates. 

2.3. Astrometry and catalogue matching 

Comparing the positions of 280 matched pairs in overlapping 
EMMI images, a lcr internal astrometry error of 0'.'15 was esti¬ 
mated for the EMMI imaging catalogue. The external accuracy 
was estimated by matching the EMMI imaging catalogue with 
the 1 Peng et alJ (2 004 c) catalogues of PN candidates and spectro¬ 
scopically confirmed PN, as_well as_with their catalogue of stars 
(tables 6, 7 and 3 in [Peng et al.1 (l2004cl) . respectively). The lat¬ 
ter yielded only one star within 270 in RA and DEC from the 
PN candidate sources, giving a high confidence that most of the 


2 Within 1" circle there are 410 groups (287 pairs and 123 triplets), 
which implies 2028 unique sources within that slightly larger matching 
radius. 



Fig. 2. Coordinate difference between EMMI and iPeng et aO d2004d) 
PN candidates (open circles) and PN with confirmed radial velocities 
(filled dots). The circles are the mean separation for all sources matched 
within 1". ForPN candidates the mean separation is 0'.'36±0'.T9, similar 
to 0738 ± 0719 for confirmed PN. 


sources that we detect in [OIII], but not in the off-band image, 
are indeed bona fide PN. 

The P eng et aD d2004ch PN and PN candidates include the 
iHui et alM993b[ sources (some of which have measured radial 
velocities from Hui et al.1 (Il995h ). Hence it was decided to match 
the astrometry of the EMMI photometric catalogue using coor¬ 
dinates only from the Peng et al. catalogues. Additionally for 
the sources in common with the Hui et al^_catalogues, 5007A 
magnitude measurements from iHui et al.1 d!993bl) are reported. 
Peng and collaborators already reported that PN 5420 and 5423 
was the same PN listed twice in iHui et al.1 dl995t) . Two more 
pairs were also found within 1" in the IHui et al.l d!993bl) list: 
1219 and 4031 are separated by 079, and 5613 and 6112 by only 
074. Additionally there are 24 pairs within 1" among the PN 
candidates in Table 7 of IPeng et al.l d2004d) . All these pairs are 
listed in Table [4] In principle it is possible that some of these 
are genuine separate objects, by chance aligned along the line 
of sight, but in a spectroscopic follow-up they would fall within 
the same fibre aperture (GIRAFFE MEDUSA fibres have aper¬ 
ture diameter 172). Therefore in the final catalogue all duplicate 
sources matching within 1" are excluded. The fact that all of the 
24 close pairs from iPeng et Id ] ( 2004cl) are from the same field 
(fl4) matched to lHui et al.l (1993b) sources points to a possible 
problem with the astrometry for that field. Furthermore it was 
subsequently confirmed that two PNe are the same source: the ra¬ 
dial velocities of this pair (4430=fl4p025 and 4614=fl4p046), 
based on spectra taken with two different FLAMES configura¬ 
tions (one plate was configured taking the coordinates based on 
the ID reported in column one, the other based on ID and coor¬ 
dinates from column two in Table [4]), are identical to within the 
measurement errors. 

Given a small difference in astrometry between the PN candi¬ 
dates and the confirmed PN from the Peng et al. catalogues (Fig¬ 
ure D. we decided to match them independently to the EMMI 
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Table 4. List of pairs of PN candidates from the Table 7 of lPeng et all 
(: 2004c ! located within < 1” on the sky. 


Name 

(Hui etal. 1993b) 

Name 

(Peng et al.2004) 

Separation 

(") 

509 

fl4p021 

0.20 

511 

fl4p030 

0.41 

548 

fl4p036 

0.32 

4201 

fl4p001 

0.55 

4287 

fl4p019 

0.44 

4298 

fl4p020 

0.86 

4319 

fl4p023 

0.11 

4325 

fl4p037 

0.11 

4327 

fl4p013 

0.56 

4428 

fl4p061 

0.23 

4430 

fl4p025 

0.11 

4431 

fl4p045 

0.40 

4432 

fl4p044 

0.30 

4503 

fl4p071 

0.61 

4513 

fl4p067 

0.50 

4520 

fl4p052 

0.55 

4524 

fl4p059 

0.51 

4526 

fl4p064 

0.55 

4527 

fl4p055 

0.37 

4528 

fl4p063 

0.51 

4529 

fl4p084 

0.51 

4605 

fl4p051 

0.61 

4614 

fl4p046 

0.37 

4810 

fl4pl00 

0.11 


catalogues. The initial match with the iPeng et al.l (l2004cl) cata¬ 
logues identified 408 PN and 144 PN candidates within 1" from 
the EMMI PN candidates. The average offset between the two 
astrometric systems was found to be 0.36 + 0.19 arcsec for the 
match with PN candidates, and slightly larger 0.38 ± 0.19 arcsec 
for the match with confirmed PN (Fig. [2]). To combine astrome¬ 
try of the EMMI PN candidates with that of the catalogues from 
IPeng et aTl ( 2004 c). the coordinates of Peng et al. sources were 
shifted to match the EMMI astrometry. The shift applied to the 
PN candidates (Table 7 from Peng et al.) was ARA = 0'.'05 and 
ADEC = 072, while ARA = 0721 and ADEC = 07234 was 
applied to PN (Table 6 from Peng et al.). 

Before making the final combined catalogue including all 
new EMMI PN candidates_as well as confirmed PN and PN can¬ 
didates from IPeng et al.l (l2004cl) . a selection of EMMI PN can¬ 
didates was made based on the measured flux, removing sources 
brighter than the expected cut-off for the PN luminosity function 
measured by iHui et all dl993al) . i.e., 5007A magnitude ~ 23.0. 
To that purpose, the EMMI photometry was calibrated using the 
sources in common between the EMMI and iHui et all dl993bl) 
catalogues. 


2.4. Photometry 

Although the purpose of the EMMI imaging was to find PN 
candidates and not to acquire accurate [O IIIJ5007A photom¬ 
etry, the observing conditions were most of the time photo¬ 
metric and so this comparison was subsequently explored. For 
EMMI candidates in common with the photometric catalogue of 
iHui et ah ( 1993b ). the aperture photometry flux measurements 
in the [O III] image can be compared with the 5007A magni¬ 
tudes. Fig. [3] shows the plot of the difference in the EMMI in- 


i i | i i ' i i i i i 

mag[0III] Hul +2.51og(flux[0III] EMMi ) = 32.9±0.4 


34 


• * . • . • 
• • •• % • * 




1 32 



[0IIl]mag (Hui+93) 


Fig. 3. Difference between the EMMI [O III] - off -band filter aperture 
magnitude vs. the m 50 07 a magnitudes from IHui et al] d 1993b ) for PN 
candidates in common between the two datasets. 


strumental 5007A mag and the IHui et al] dl993bl) [O III] mag 
for the 438 sources matched within 1" in both catalogues. The 
average difference is the zero point calibration for [O III] EMMI 
photometry: 

ZPT = [O mW +93 +2.5 log(F/wx([0 III] £MM/ )) = 32.9+0.4 mag. 

( 1 ) 


The brightest PN in NGC 5128 have [O tU] Hui+9i ~ 
23.5 mag. Possibly a few PNe could be even brighter, but, for 
the purposes of pre-selection for the spectroscopic follow-up, a 
conservative limit of m 50Q7 ^ of 23.5 was adopted, correspond¬ 
ing to an observed Flux {[O III ]emmi) > 8000 e . Therefore all 
sources with a total flux above this limit (taking into account the 
scatter around the zero point) were rejected as being too bright to 
be PNe. The faintest candidate has flux corresponding to [OIII] 
magnitude of ~ 27, which is plausible for PN luminosity in 
NGC 5128, and therefore no faint limit is imposed. After purg¬ 
ing the bright sources, the EMMI catalogue contains 1803 PN 
candidates. From this list, PN candidates were removed which 
were located within 1" of the sources for which spectra were ob¬ 
tained during the S V run, in order to form an input catalogue for 
the follow-up spectroscopy. On purpose some of the EMMI can¬ 
didates for which Peng et al. obtained spectra were targeted also 
in the open time observations, but none of the S V targets was re¬ 
observed during the FLAMES run. The photometric catalogue 
with all PN candidates from the new EMMI observations as well 
as from the literature are discussed in Section l4~TI 


3. Spectroscopic data 

FLAMES, the Fibre Large Array Multi-Element Spectrograph 
is the multi-object, intermediate and high resolution spectro¬ 
graph of the VLT with a 25 arcmin corrected field of view 
(iPasauini et al][2Q02h . In the MEDUSA mode it can observe up 
to 130 objects simultaneously through 1.2" fibres at a resolution 
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R=6000 to 30000. It is thus ideally suited for kinematical studies 
of large samples of PN around nearby galaxies. 

FLAMES was employed to observe PN around NGC 5128 as 
part of the FLAMES SV run in 2003, as well as within the reg¬ 
ular observing programme 073.B-0434 (GO) executed in 2004. 
The two observing runs are described here. 

3.1. FLAMES Science Verification Observations 

During the FLAMES SV campaign, FLAMES in 
UVES+MEDUSA combined mode was used to observe 
known PN and globular clusters (GCs) in NGC 5128: this 
combined mode allowed parallel observation of a single setup 
of 130 targets with MEDUSA fibres (172 fibre aperture) and 
up to 8 additional targets at very high resolution (R=47000) 
through 8 170 fibres, which are fed to the red arm of UVES, 
recording spectra from 476-683 nm. The 130 MEDUSA fibres 
are fed to the GIRAFFE spectrograph that was used with the 
low resolution L3 (R=7500) grating, covering the spectral range 
from 450-508 nm. Simultaneous ThAr calibration lamps were 
switched-off during the science exposures. 

Between 25 January and 2 February 2003, six different 
FLAMES MEDUSA set-ups were observed in 2 different fields, 
in the centre and SW part of the galaxy (programme: 60.A- 
9140). The central field, due to its large source density, had 5 
different set-ups but the SW field only one. Table [5] lists the field 
coordinates, observing date, exposure time, airmass and DIMM 
seeing at the start of the exposure. The last two columns list the 
number of fibres allocated to PN candidates and the number of 
detected PN. 

Due to lack of time one additional planned setup in the NE of 
the galaxy could not be taken. In total, during the FLAMES SV 
run, GIRAFFE spectra were taken for 612 PN candidates, con¬ 
firming 527 individual Phfl Of these 166 are newly confirmed 
PN, as they did not have radial velocities in the literature. Addi¬ 
tionally 48 globular cluster spectra were collected within these 
set-ups. For each setup two exposures of 2180 sec were taken, 
except for one central field and the SW field which both re¬ 
ceived only one such exposure. Thus the total science time was 
10 x 45 min =7.5 h. In addition, six bright GCs were observed 
with UVES 580 nm central wavelength setting in all the expo¬ 
sures of the central field. 

PN emission was detected in 11 globulars (Reikub a & Walshl 
2006) and these sources are also discussed below. The spectra of 
other GCs obtained with MEDUSA and UVES fibres are not 
discussed further here. 

PNe were selected from the lHui et al.l(l!993bi) catalogue and 
the GCs are from various published sources. The observed PNe 
cover a range in m 5007 ^ from 23.5 to 26.8 mag. The imaging 
material, on which the astrometric catalogue for the SV obser¬ 
vations is based, was compiled from an MPG/ESO 2.2m WFI 
survey of NGC 5128 (proposal 67.B-0111(A), epoch 2001). A 
mosaic of 6 WFI pointings observed with an [O III]5007A, fil¬ 
ter (OIII/2, central wavelength 502.612 and width 2.818nm) had 
been obtained. Whilst most of the catalogued PN are detectable 
on this mosaic, the PN catalogue of lHui et al.l (Il993bl) was trans¬ 
ferred to the epoch of this image by a, 6 shift. The image was 
matched against GSC and secondary reference stars and the tar¬ 
get coordinate information referred to the [O III] image. 


3 Originally 614 PN were observed, confirming 529, but t wo pair s 
(5613=6112 and 1219=4031 where IDs come from lHui et aD d 1993b!) ) 
were later identified as being the same source. 



Aa(deg) 

Fig. 4. Distribution of spectroscopically confirmed PN (blue filled dots) 
and PN candidates (open red circles) from EMMI imaging and the lit¬ 
erature. The origin of the coordinate system is centred on NGC 5128, 
the elliptical isophotes have axis ratio b/a=0.77 with position angle 35° 
and the innermost ellipse is drawn at 1 effective radius (lR e /f = 305" 
l lDufour et al ill 979 1. equivalent to 5.62 kpc); the size of the other el¬ 
lipses is 3, 5, 7, 10 and 15.5 effective radii as indicated. 


All the VLT SV data are public and 
the FLAMES data are available from 
http://www.eso.org/science/vltsv/flaraessv/ 


3.2. FLAMES Period 73 observing run 

For the FLAMES observing run 073.B-0434(B), the same 
MEDUSA GIRAFFE setup L3 (R=7500), covering the spectral 
range from 450-508 nm, was adopted as for the SV data collec¬ 
tion. However this time the simultaneous ThAr calibration lamp 
was switched on in order to achieve as high as possible wave¬ 
length calibration accuracy, and the UVES fibres were not used. 
All targets were PN or PNcandidates either from our own EMMI 
imaging, or from the lPeng et al.l (l2004d) catalogue s (their Table 
6 and 7), which include sources from the lHui et al.l (fl99 3b). 

Observations were taken in service mode. Table [6] lists the 
FLAMES field coordinates, observing date, exposure time, air- 
mass and DIMM seeing at the start of the exposure. The last 
two columns list the number of fibres allocated to PN candidates 
and the number of detected PN, respectively. In total 996 sources 
were targetted and 580 confirmed as PN members in NGC 5128. 
Of these, 297 were newly confirmed PN with single velocity 
components. No targets in common were observed during the 
two spectroscopic runs. 

Figure |4] displays the spatial distribution of all the observed 
PN (red filled dots) and PN candidates (open black circles), with 
the origin of the coordinate system centred on NGC 5128 (taken 
as the NED coordinate: 13*25 m 2776, -43°01'09" [J2000]). 
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Table 5. Log of SV VLT FLAMES GIRAFFE MEDUSA spectroscopy. The coordinates refer to the field centre and the airmass and DIMM seeing 
are taken from the headers. The 8 rf ' column lists the number of fibres allocated to PN candidates, and the last column the number of objects detected 
with emission lines, listing separately the number of globular clusters with detected emission lines. 


Field 

a 

(h m s) 

6 

(° ' ") 

Date 

Exp 

(s) 

Airmass 

DIMM 

O 

# Fibres on 
PN cand. 

# Confirmed 
PN+GCs w. emis. 

Centre Field A1 

13 25 28 

-43 00 49 

2003-01-26 

2180 

1.106 

0.83 

105 

97 + 4 GC 

Centre Field A2 

13 25 28 

-43 00 49 

2003-01-27 

2180 

1.453 

1.06 

105 

98 + 4 GC 

Centre Field B1 

13 25 28 

-43 00 49 

2003-01-27 

2180 

1.266 

0.77 

111 

101 + 2 GC 

Centre Field B2 

13 25 28 

-43 00 49 

2003-01-27 

2180 

1.164 

1.35 

111 

104 + 2 GC 

Centre Field Cl 

13 25 28 

-43 00 49 

2003-01-28 

2180 

1.141 

1.03 

110 

105 + 1 GC 

Centre Field C2 

13 25 28 

-43 00 49 

2003-01-30 

2180 

1.090 

1.19 

111 

106 + 1 GC 

Centre Field D1 

13 25 28 

-43 00 49 

2003-01-29 

2180 

1.245 

1.18 

109 

102 + 1 GC 

Centre Field D2 

13 25 28 

-43 00 49 

2003-01-29 

4200 

1.127 

1.64 

110 

104 + 1 GC 

Centre Field El 

13 25 28 

-43 00 49 

2003-01-30 

2180 

1.378 

1.09 

101 

96 + 4 GC 

SW Field 

13 24 45 

-43 09 53 

2003-02-02 

2180 

1.079 

0.61 

76 

70 + 1 GC 


Table 6. Log of VLT FLAMES GIRAFFE MEDUSA spectroscopy taken within the service mode observations 073.B-0434(B). 


Field 

a 

(h m s) 

d 

(C , 

Date 

Exp 

(s) 

Airmass 

DIMM 

(") 

# Fibres on 
PN cand. 

# Confirmed 
PN 

FIELD 1 

13 26 20 

-42 39 20 

2004-06-13 

2x2595 

1.054 

0.88 

95 

50 

FIELD2 

13 26 30 

-42 50 20 

2004-06-16 

2x2595 

1.133 

0.88 

113 

60 

FIELD3 

13 24 22 

-43 15 34 

2004-06-17 

2x2595 

1.117 

0.71 

66 

50 

FIELD4 

13 24 40 

-43 01 41 

2004-06-17 

2x2595 

1.067 

0.76 

114 

72 

FIELD5 

13 26 15 

-42 49 59 

2004-06-18 

2x2595 

1.083 

0.66 

106 

61 

FIELD6 

13 24 25 

-42 51 11 

2004-06-18 

2x2595 

1.265 

0.77 

60 

43 

FIELD71 

13 26 07 

-42 54 19 

2004-06-18 

2595 

1.077 

0.51 

98 

60 

FIELD7 2 

13 26 07 

-42 54 19 

2004-06-28 

2595 

1.206 

1.02 

98 

52 

FIELD8 

13 25 27 

-43 02 55 

2004-06-28 

2x2595 

1.089 

0.89 

115 

75 

FIELD9 

13 25 27 

-43 02 55 

2004-06-28 

2x2595 

1.502 

1.20 

114 

57 

FIELD 10 

13 25 51 

-43 03 26 

2004-07-11 

2x2595 

1.082 

0.75 

115 

64 


3.3. GIRAFFE reductions 


FLAMES GIRAFFE data reduction was performed using the 
girBLDRS pipeline dBlecha et al.H2000b . For bias subtraction, a 
master bias frame was created using the biasMast task. Given 
that the master bias provided with the pipeline package was es¬ 
sentially indistinguishable from the master bias created using our 
data, the former was adopted. As a first preparation step for the 
extraction of science spectra, the locMast task was run, which 
takes as input the temporally closest flat-held calibration files 
and produces the localization file - a description of the trace of 
the spectrum of each fibre. Then the master wavelength calibra¬ 
tion hie was created with wccilMast. Finally the extracted, wave¬ 
length calibrated science spectra were produced with the extract 
pipeline task. This task subtracts a 2D scattered light polyno¬ 
mial model, identifies the spectra and extracts them. Furthermore 
it applies a flat-held correction and re-bins the spectra to a lin¬ 
ear wavelength scale. Finally the wavelength solution is adjusted 
through cross-correlation with the hve simultaneous ThAr cali¬ 
bration hbres present in the science images. The latter step was 
only applicable for the open time run 073.B-0434(B), since the 
simultaneous calibration lamp was not used during the Science 
Verification run. No sky subtraction was applied due to very low 
sky background in virtually all spectra and the lack of any strong 
telluric features at the wavelengths of the PN emission lines. A 
few experiments with sky subtraction, where the mean sky spec¬ 
trum was created from a combination of 10-20 spectra allocated 
to empty sky positions, showed that, as far as the velocity mea¬ 
surements were concerned, the results were unchanged. 


The extraction algorithm applied was a direct extraction 
(SUMM), because optimal extraction was found to remove most 
of the PN emission lines due to their similarity with cosmic-rays. 
In consequence the final extracted and wavelength calibrated 
spectra still contained many cosmic-rays traces but these were 
detected during the line fitting process either by eye, as narrower 
than the PN emission lines, or from their anomalous velocity. 

3.4. Line fitting 

The PN emission lines were fitted by Gaussians in order to de¬ 
termine the (single) recession velocity of each detected PN. Line 
fitting was done independently using two methods. Manual fit¬ 
ting was performed with the splot task in IRAF for as many 
available lines that could be distinguished by eye. The error ar¬ 
ray provided by girBLDRS pipeline for each extracted spectrum 
was used to estimate the appropriate scalar to transform the input 
signal to pixel sigma as required by splot. Fitting of a Gaussian 
was performed with 100 Monte Carlo trials to produce error es¬ 
timates on the line wavelength, width and flux. In all cases the 
line fitting was done independently on two exposures for each 
field. This cautious approach was deemed to be vindicated by 
the occasional detection of a weaker line in the better exposed 
spectrum of a pair and the not-uncommon presence of cosmic 
rays within the emission line extent. The final velocity measure¬ 
ment of each PN is based on the weighted mean (weighting by 
the relative line strength) of all the detected lines (thus at least 
[O III]5007A and generally with 4959A, but also in some cases 
with HyS) from the two independent fits. The velocity error was 
propagated from this combination. 
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An independent fitting with an automatic code was also 
performed as a check. In this case the pairs of spectra were 
combined using IRAF.imcombine to remove cosmic rays and 
then lines were autonomously detected above the flat continuum 
based on a detection threshold. The code was applied without an 
estimate of the radial velocity or likely line ratios and detected 
less than 50% of the lines found manually. However in the cases 
where the identical lines were fitted, the agreement with the splot 
results for the fitting of Gaussian emission lines was found to be 
excellent and within the error bars. The splot manual fit results 
are quoted here. 


4. NGC 5128 Planetary Nebulae Catalogues 

4.1. Catalogue of planetary nebula candidates 

The combined list of all EMMI PN candidates, culled of du¬ 
plicate sources within 1 ” and sources which are too bright to 
be PNe (;h(5007A)emmi i 23.0), contains 1803 entries. Of these 
718 have radial velocities measurements from FLAMES spec- 
troscopy and 410 have radial velocities reported by iPeng et ail 
(20043, Table 6 ). S ince FLAMES spectra were also taken of 
PN from lPeng et al.l ( 2004 c). the total number of new PN can¬ 
didates with no RV measurements is 1060. Table [7] shows the 
first 5 lines of the EMMI catalogue of 1060 PN candidates, in¬ 
cluding the IDs and magn itudes from lHui et alJ (Il993bl H+93) 
and IDs lPeng et alJ (l2004d P+04) catalogues. Magnitudes from 
EMMI imaging are based on total flux measured in [O III] fil¬ 
ter calibrated using the sources found in common with lHui et alJ 
(fl993bh : see Fig. [3 The complete table is available from CDS. 

Table [ 8 ] reports the first 5 lines for the remaining 58 PN 
candidates from the literature. The complete table i s av ailable 
from_CDS. These are PN candidates from table 7 ofiPeng et al .l 
( 2004cl) that had no spectroscopic confirmation yet, and that 
were not covered by the EMMI imaging. Their coordinates are 
shifted to match the EMMI astrometric system by adding 0.05 
arcsec to RA and 0.2 arcsec to DEC. Additionally the photom¬ 
etry of PN candidates in common with iHui et all (!l993bi) was 
matched in order to report consistent 5007A magnitudes. 

Summing the 1060 PN candidates from NTT EMMI imag¬ 
ing with the 58 candidates from the literature, there are a total of 
1118 PN candidates in NGC 5128 awaiting spectroscopic confir¬ 
mation. Their spatial distribution is plotted with open red circles 
in Figure |4] 

4.2. Catalogue of spectroscopically confirmed planetary 
nebulae 

Table [9]lists the radial velocity, radial velocity errors and 5007A 
line FWHM measurements for 1107 single velocity compo¬ 
nent PNe observed with FLAMES within the SV and Period 73 
FLAMES runs. In addition to these PNe, there are 9 targets, dis¬ 
playing double or even more complex velocity profiles in their 
emission lines; these are discussed in more detail in Section l5T2l 
Also (single velocity component) emission lines were detected 
in 9 globulars; these are listed in Tab. 1 131 On the basis of these 
emission line measurements, a total of 4 8 6 PNe are newly con- 
firmed, extending the work of IHui et~aU (1 19951) and IPeng et al.l 
(I2004d) . 

For all PN except five, the listed values are based on the aver¬ 
aged measurements from two exposures made with the identical 
configurations, as described above. The five PN have values av¬ 
eraged from 4 exposures based on 2 independent plate configu¬ 
rations. This is due to the fact that these 5 PN were observed 


each as two originally different sources (the sources had dif¬ 
ferent input ID’s and their coordinates differed slightly, but still 
within 1" on the sky and hence within the FLAMES MEDUSA 
fibre aperture). The four pairs came from the PN candidates 
from the literature; PN 4430 = fl4p025, and 4614 = fl4p046 
(these were taken as 4 independent PN candidates from the Ta¬ 
ble 7 of IPeng et ak J2004d)). and the following 4 PNs (2 pairs) 
were taken from lHui et al.l (I l 993bl) 5613=6112 and 1219=4031. 
These were already found to be likely double detections in Sec¬ 
tion 03] (see in particular Table 0}- and velocity measurements 
confirm this. One additional pair of PNe within 1" (EMMI_63 
and EMMI_683) comes from the EMMI imaging, due to the fact 
that the input list for the spectroscopic follow-up had only been 
matched to 075 Q. Hence we only list one source (EMMI_63), 
but given that this PN was observed on two configurations, again 
its final velocity, error and flux are the averages from the 4 expo¬ 
sures based on two independent configurations. 

Observed wavelengths were converted to heliocentric radial 
velocity applying the heliocentric correction appropriate for each 
observation and standard rest wavelengths. Table |9] lists the run 
(SV or Period 73 open time, marked as ’GO’) identifying in 
which run each observation was taken, the RA and Dec taken 
from the FLAMES configuration files, the mean radial velocity 
and err or, the FWHM of the 5 007 A line a s well as IDs from 
EMMI, IHui et all (Il993bl) and IPeng et akl d2004d) catalogues. 
There is a small systematic offset between the SV coordinates 
and the EMMI astrometry. In order to place the SV coordinates 
on the same positional system as the EMMI coordinates, offsets 
of A RA = -0.225" and A DEC = -0.093" should be applied 
to the S V coordinat e s. Ad ditionally the magnitudes f rom EMMI 
and fro m IHui et akl dl993hl) . and the velocities from Pen g et al.l 
(20043 Table 6 ) for those PN in common, are listed. Of the 
1107 PN for which radial velocities are listed in Table [9] 166 
are newly confirmed PN from the SV run and 297 from the later 
open time run, increasing the number of confirmed PN by 463 in 
NGC 5128. 

TableflOllists the counts in the 5007A line and the [O III |/H/j 
flux ratio (in the cases where H/i was detected), for all the sin¬ 
gle velocity component PNe. The IDs have been abbreviated in 
this case - only the ID of the source th at was ta ken a_s_input for 
the spectroscopy is shown (EMMI or Peng et a l. (2004ci Table 
6 or 7) for open time observations and Hui et al.H 1993bl) for the 


SV observations). In total 629 PN (57%) had H f5 detected. A 
histogram of the [O IIIJ/H/3 ratio is shown in Fig. 0] the mean 
value is 10.2 and standard deviation of the mean 5.5. In addition 
a small number (34) of PNe had the He II 4686A line detected 
(at > 2 cr) and the He II/H/j ratio is listed in Table [TO] the mean 
He ll/H/3 ratio was 0.48. 

The strength of the 5007A line is a useful relative flux indica¬ 
tor among the observed PN, especially as conditions were gen¬ 
erally photometric or clear during the FLAMES observations. 
For 700 PN observed with FLAMES that have an ;h 5(i07A from 
iHui et al.l dl993bl) , a plot of log(Flux( 5007A) v. 5007A mag. 
shows an excellent correlation, with however some large out¬ 
liers (Fig. [3. A linear fit shows a slope of 1.011+0.025, the zero 
point is 28.59 + .42, and the rms scatter around the fit is 0.35. 
This shows that a similar level of photometric calibration could 
be obtained from FLAMES spectra to provide 1115007 , 4 , as with 
the photometry of the PN detected with EMMI. 

The comparison of the radial velocity mea surements from 
the FLAMES spectra with those from IHui et al] (i 19951) for the 


4 Here for the presentation of the final PN candidate catalogue (Tab.|7]. 
the internal match was made to 1 see Sec.|23J 
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Table 7. PN can didates from EMMI imaging run. Column 5 and 6 are the ID and 5007A magnitude from lHui et al.1 (1 993b ") and the last column 
is the ID from lPeng et all d2004d) for sources found in common within 1” matching radius. Here only a few lines are shown as an example. The 
complete catalogue is available in electronic form. 


ID(EMMI) 

a 

(h m s ) 

d 

(° ' ") 

m(5007A) E MMi 

ID(H+93) 

m(5007A) H +93 

ID(P+04) 

EMMI_956 

13 25 39.71 

-43 00 27.9 

23.42 

253 

25.55 


EMMI 1176 

13 26 06.10 

-43 09 06.9 

24.97 

5506 

25.00 


EMMI_1696 

13 25 09.71 

-43 03 41.3 

24.91 

4243 

24.81 


EMMI_952 

13 25 37.52 

-43 00 16.3 

25.48 




EMMI 954 

13 25 36.70 

-43 00 21.4 

24.7 




EMMI_1708 

13 25 04.14 

-43 04 23.5 

24.71 



fl4p034 

EMMI 1729 

13 25 04.91 

-43 05 31.2 

24.29 



fl4p026 


Table 8. PN candidates from literature l iPeng et aLll2004d . Table 7) that have no radial velocity measurements to date (58 sources). The RA and 
DEC are shifted to match the astrometric system of Table|7] ID and 5007A, magnitude from lHui et al.l (1 993b ) are also reported, where available. 
Here only a few lines are shown as an example. The complete catalogue is available in electronic form. 


ID(P+04) 

a 

( h m s ) 

6 

(° ' ") 

ID(H+93) 

m(5007 A)h +93 

1218 

13 26 03.90 

-42 53 20.8 

1218 

25.62 

1603 

13 26 26.99 

-42 45 02.2 

1603 

26.36 

1801 

13 25 39.85 

-42 41 04.6 

1801 

25.28 

2201 

13 23 59.64 

-43 16 31.2 

2201 

24.61 

f04p5 

13 23 44.36 

-43 32 02.9 




Table 9. Radial velocity, radial velocity error and 5007A line FWHM measurements for 1107 single velocity component PNe observed with 
FLAMES within the SV and GO runs. In addition identifiers from EMMI. iHui et all d!993bl H+03) and IPeng et al.l d2004d . P+04) catalogues, 
5007A magnitudes from EMMI and lHui et all d!993bl ) are listed, as well as radial velocities from lPeng et al.l d2004d ), for those PN in common 
between the matched catalogues. Here only few lines are shown as example. Note that the coordinates of the PN observed in the SV run are offset 
by An = -0.225" and AS = -0.093" with respect to the EMMI astronometry that was used for the GO run. The complete catalogue is available in 
electronic form. 


Run 

a 

( h m s ) 

d 

(° ' ") 

RV 

(kms -1 ) 

o-rv 

(kms -1 ) 

FWHM 

5007A 

ID 

EMMI 

m(5007A) 

(EMMI) 

ID 

(H+93) 

m(5007A) 

(H+93) 

ID 

(P+04) 

RV (P+04) 
(kms -1 ) 

GO 

13 26 18.89 

-42 31 34.0 

590.0 

0.8 

37.2 





f 22 p 22 

575 

GO 

13 26 02.41 

-42 39 05.8 

532.5 

0.9 

44.2 

2483 

25.31 



f23p08 

528 

GO 

13 25 06.68 

-42 58 16.2 

707.0 

1.3 

37.1 



4430 

25.27 

4430= 












fl4p025 


GO 

13 26 16.32 

-42 38 21.4 

623.0 

3.7 

44.7 

2460 

25.94 





SV 

13 24 50.40 

-43 03 22.2 

452.5 

4.3 

73.5 







SV 

13 23 46.78 

-43 16 23.2 

585.2 

1.9 

61.0 



2801 

25.12 

fl 0 p 8 

567 

SV 

13 24 21.77 

-42 59 28.6 

511.8 

1.1 

48.6 

585 

24.74 

4805 

24.70 


517 

SV 

13 25 02.91 

-42 59 38.1 

749.2 

0.8 

53.0 

340 

24.50 

4415 

24.65 

ctr415 

657 


SV data, and the lPeng et al.l (l2004d ) data in common with both 
SV and Period 73 open time FLAMES velocities are shown 
in Fig. [7] For the IHui et al' ( 199 5) dataset, the mean offset is 
very low (-3.7 kms in the sense Hui - FLAMES velocity) 
but the_spread js considerable with some large outliers. For the 
IPeng et all C 2004cS) data (after removing 37 most deviant points 
with differences > 50 kms -1 ), the spread is lower but the offset 
larger in magnitude (-7.9 kms -1 , in the sense Peng - FLAMES 
velocity). Since the FLAMES spectra generally have very low 
errors on account of the strong signal and moderate spectral 
resolution (~40 kms -1 ), and there is excellent consistency be¬ 
tween velocities from [O II]4959A and H/j, where detected, and 
[O III]5007A, the FLAMES velocities are superior to those from 
the lower resolution observations of Hui et al. and Peng et al. 

In addition to the list of 1107 PN observed with FLAMES 
(Table [9j, the further 132 PN with radial velocities from the 
iPeng etai] ( 2004d ) catalogue brings the total number of PNe 


with a single velocity component in NGC 5128 with RV mea¬ 
surements to 1239. For completeness, in Table fill the RV mea¬ 
surements from lPeng et al. (1 2004c . Table 6 ) for PN that were not 
observed with FLAMES are listed. In order to produce a single 
coherent dataset, when combining FLAMES velocities and the 
literature velocities for PN in Table [TT] a shift of +7.9 kms -1 
should be applied to the velocities in Table [TT] In addition these 
PNe were cross-identified with the lHui et alTdl993bt> and EMMI 
imaging catalogues in order to provide 5007A magnitudes. 

Two PN listed in Table QT] occur within separations of 1- 
2" of PN listed in Table [9] and therefore were not paired by 
the 1" ma tching criterion (see Sec. 12.3k These are listed by 
IPeng et akl ( 2004c ) as f08p77 and fl8p87: f08p77 is within 
1.4" of EMMI_1818, with m(5007A) EMM i = 24.43, and the 
velocities differ by 32 kms -1 ; fl8p87 lies within of 1.2" of 
ID 909 of IHui et al.l (fl993bh (EMMI_1005 in Table |7}, with 
m(5007A)EMMi = 24.77 and ;n(5007A)H U i = 24.98, and the ve- 
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Table 10. Relative flux of the [O III] 5007A line, the [O III]/H/3 and the He II/H/J line ratio measurements (where H j3 and He II lines detected) 
for all PN observed with FLAMES within the SV and GO runs (c.f., Tab.0. The name contains a pre-fix that indicates whether the ID is taken 
from EMMI imaging, or from pre-existing catalogues (Hui93 for SV run and P04 for GO run observations). All alternative IDs may be found in 
Table [9] Here only a few lines are shown as example. The complete catalogue is available in electronic form. 


Name 

a 

( h m s ) 

6 

(° ' ") 

Rel. flux 

5007A 

[OIII|/H/f 

He II/H/1 

P04_f22p 18 

13 26 25.53 

-42 38 21.5 

52.3 

12.63 

0.51 

P04_4430 

13 25 06.68 

-42 58 16.2 

23.3 

6.72 


Hui93 5613 

13 25 41.83 

-43 07 24.9 

26.3 

12.17 


Hui93_1219 

13 25 56.84 

-42 53 50.5 

13.9 



P04_f22p22 

13 26 18.89 

-42 31 34.0 

23.5 

4.39 

0.38 

EMMI 2460 

13 26 16.32 

-42 38 21.4 

10.6 



EMMI 2483 

13 26 02.41 

-42 39 05.8 

26.8 

8.37 



Table 11. 132 PNe with radial velocity measurements from lPeng et alJ ( 2004 c. Table 6) that were not observed with FLAMES. The velocities 
listed are taken directly from the lPeng et alJ l !2004cl ) catalogue and should be shifted by +7.9 kms -1 when combining with the FLAMES velocities 
in Table[9]in order to produce a single coherent dataset. The RA and DEC are shifted to match the astrometric system of Table[7] Here only a few 
lines are shown as an example. The complete catalogue is available in electronic form. 


ID 

(P+04) 

a 

( h m s ) 

b 

(° ' ") 

RV(P+04) 
(km s~ [ ) 

ID 

(H+93) 

m(5007A) 

(H+93) 

ID 

(EMMI) 

m(5007A) 

(EMMI) 

Ctrl 32 

13 25 11.20 

-43 03 18.4 

603 

42132 

26.31 



ctr611 

13 24 54.78 

-42 54 06.8 

503 

4611 

25.15 



ctr803 

13 24 00.96 

-43 15 16.8 

530 

2803 

25.68 



f04p2 

13 24 30.54 

-43 30 45.9 

746 





f08pl6 

13 26 03.97 

-43 11 42.4 

502 





f08p46 

13 25 28.14 

-43 08 15.7 

482 

6109 

24.77 

EMMI_2307 

24.87 

f08p54 

13 25 12.90 

-43 12 52.0 

547 



EMMI 2361 

24.64 



O 

CD 

CO 

CM 


X 

3 


iq 

CM 

I 


27 


26 


25 


24 


23 



5007A mag. 


Fig. 5. Histogram of the distribution of the [O III]/H/3 ratio for the 629 
PN for which both lines were detected at J2cr. An additional 9 measure¬ 
ments lie beyond the upper limit of this plot. 

locities differ by 23 kms '. The histogram of separations of the 
confirmed PN (Tables [9] and ITTIl shows a gap between 1.4 and 
>3" suggesting that these two PN may be the same objects ob¬ 
served with FLAMES, but the coordinate error in the lPeng et al.l 
(12004c) catalogue is larger than expected. Given that the veloc¬ 
ities do not differ by more than twice the combined error of the 
iPeng et aTI d2004d) and FLAMES GIRAFFE radial velocities, it 
is suggested that these are the same PN. The similarity of their 
radial velocities is not in itself very indicative since both veloci¬ 
ties occur within l<x of the peak of the PN velocity distribution. 
In the case of f!8p87, the EMMI and Hui 5007A magnitudes are 


Fig. 6. Correlation of the log of the fitted 5007A line flux against 
m 5007 A for those PN from lHui et al.l dl993bh which were observed with 
FLAMES in the SV programme. The least squares linear fit is shown. 

equal within the errors. The surface density of confirmed PNe in 
the vicinity of both these PNe is similar at ~ 0.002 PN arc sec 2 , 
and the probability of finding two objects within 1.4" is 1%. The 
probability alone is not conclusive to argue for two separate PN, 
but, taken with the other evidence, it is suggested that f08p77 and 
fl8p87, listed in Table fill are very likely already confirmed PN 
(listed in Table [9] as EMMI_1818 and EMMI_1005). However, 
their removal from the list of literature PN candidates would en¬ 
tail a revision of the matching criterion not motivated by the as¬ 
trometric errors (c.f. Sect. 12.3k so the two PN remain listed in 
Table QT] 
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FLAMES velocity (km s -1 ) 


Fig. 7. Upper panel: Offset between the radial velocity of the PNe in 
common between the lHui et alJ 11995) and the FLAMES observations. 
The mean offset (Hui - FLAMES) and standard error is -3.7 ± 31.7 
kms~* (291 PN in common). The error bars are the quadratic sum of the 
FLAMES and Hui errors. 

Lower panel: Offset between the radial velocity of the PNe in common 
between the [Peng et ail l2004ch observations and the FLAMES spec¬ 
tra is shown. The mean offset (Peng - FLAMES) and standard error is 
-9.9 ± 41.5 kms~* for 645 spectra in common between Peng, SV and 
P73 FLAMES programmes. After removing 36 matches with the most 
deviant offsets (|A| > 50 kms^ 1 ), the mean offset (Peng - FLAMES) and 
in particular its standard deviation are significantly lower: -7.9 ± 15.5 
kms -1 . The error bars are the quadratic sum of the FLAMES errors 
and an assumed 17.0 kms -1 error for measurements given in Table 6 of 
IPeng et all ll2004cl) . 


5. Results 

5.1. Efficiency of PN detection 

The use of multi-object spectroscopy to follow-up the on-band 
/ off-band detection of planetary nebula candidates presents an 
opportunity to assess the reliability of the detection method. De¬ 
tection of [O III] emission line sources through imaging depends 
critically on the presence of similar conditions (particularly at¬ 
mospheric transparency and seeing) in the matched on-band and 
off-hand exposures. Considerations also arise from the reduction 
fidelity, such as good astrometry for the placing of matched aper¬ 
tures for obtaining the photometry in both bands and flagging of 
cosmic rays within the seeing disk of the point sources. Since 


only single on-band and off-band images were used to detect the 
PN candidates (see Sect. 2.2), cosmic rays are more likely to be 
present in the longer [O III] images which may not be distin¬ 
guished from true point sources using the CASU source extrac¬ 
tion method (contiguous sets of pixels above a threshold). Thus 
the detected brightness of weak or non-existent [O III] emitting 
sources can be increased by the presence of cosmics, biasing the 
number of emission line candidates in comparison to the off¬ 
hand images which, with shorter exposure time, have a lower 
density of cosmic ray affected pixels. 

In order to quantify the success of the EMMI imaging detec¬ 
tion of PNe, the candidates selected for spectroscopy were exam¬ 
ined. Of the 996 PN candidates selected for FLAMES MEDUSA 
spectroscopy, 592 were found to have a detected line(s), result¬ 
ing in a success rate of 59% for the selected objects. Compari¬ 
son of the detected and non-detected emission line objects was 
made in terms of the distribution of the assigned EMMI [O III] 
magnitudes: there were slightly more fainter non-emission line 
objects, but equally some of the objects with brightest m 5007 ^ did 
not have emission lines detected. In these latter cases a chance 
superposition of a foreground star, with a spectrum such that 
the on-off band subtraction leaves a positive signal, could per¬ 
haps be accountable. A good correlation was found between 
EMMI 5007A magnitude and the detected 5007A flux converted 
to magnitude, with a correlation coefficient of 0.52 for 398 PN 
with EMMI magnitudes (probability of being uncorrelated is 
4 x 10~ 8 ). Also no correlation was found between the location 
of the fibres within the host galaxy and the non-detection of 
emission lines. Thus there is overall confidence that a bright 
EMMI 5007A difference image should result in a high [O III] 
5007A spectral flux. Examination of the mean spectra for each 
GIRAFFE exposure for the cases of 5007A detected v. unde¬ 
tected, showed no obvious difference in background continuum 
level or shape. The mean spectra of the non-detected line emit¬ 
ters did not show a convincing 5007A detection for any of the 10 
MEDUSA fields (Table |6>. 

Seeing and observing conditions do play a strong role in the 
imaging detection of pure emission line sources, as exempli¬ 
fied by the low number of PN detections for position FLAMES 
FIELD6 (see Table [6]) , corresponding closely to the EMMI field, 
NGC5128-P7E (Table 0 which was affected by thin cirrus and 
poorer seeing. However the FIELD6 GIRAFFE exposures ac¬ 
tually had a high detection rate (72%). It is suggested that the 
effect of cosmic rays on spurious detection of point sources on 
the longer [O III] images is the major cause for the false emis¬ 
sion line sources. The approach of using only single detection 
exposures was necessitated by the rapid handling of the EMMI 
data; see Sect. 2.2. A higher false positive rate occurs for the 
smaller images with fewer pixels in the seeing disk than for 
larger (poorer seeing) images. This suggestion will be confirmed 
by re-reduction of the EMMI imaging with the image pairs care¬ 
fully combined for each EMMI pointing, so that a more robust 
estimation of the number of PN candidates, unaffected by cosmic 
rays, can be made. 

5.2. Double line PNe 

Nine PNe, including two in globular clusters, show evidence of 
a double or complex profile to at least the [O III] 5007A line, 
and often also visible on the fainter [O III]4959A and H/j lines. 
Fig. [8] shows the 4960 - 5025A region of all these targets and 
Table [12] lists the radial velocities, FWHM and relative fluxes 
from multiple Gaussian fits to these spectra. A double-lined PN 
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Table 12. PNe in NGC 5128 with multiple velocity components. 


Name 

a 

( h m s ) 

5 

r ' ") 

Velocity 

(kms -1 ) 

Error 

(kms -1 ) 

FWHM 

(kms -1 ) 

5007A flux 
(Rel.) 

[o im/H/i 

Hui93_4321 

13 25 11.69 

-43 08 34.9 

105.0 

5.4 

80.6 

7.5 



13 25 11.69 

-43 08 34.9 

326.2 

4.8 

74.2 

8.9 


EMMI_1105 

13 25 16.90 

-43 01 05.2 

486.0 

0.6 

47.3 

60.2 

12.5 


13 25 16.90 

-43 01 05.2 

613.0 

5.4 

107.3 

15.1 

2.4 

EMMI 1098 

13 25 24.59 

-43 00 03.4 

606.2 

5.9 

75.0 

27.1 

3.4 


13 25 24.59 

-43 00 03.4 

666.1 

1.8 

55.7 

58.1 

1.1 


13 25 24.59 

-43 00 03.4 

749.5 

16.2 

108.4 

15.1 

3.5 

Hui93_4138 

13 25 32.66 

-42 58 23.0 

370.9 

1.9 

60.5 

40.4 

22.8 


13 25 32.66 

-42 58 23.0 

472.8 

3.2 

49.4 

14.6 

3.7 

Hui93_4417 

13 25 10.33 

-42 59 44.3 

344.6 

1.3 

59.2 

29.8 



13 25 10.33 

-42 59 44.3 

789.1 

3.8 

61.5 

8.2 


Hui93_525 

13 25 15.86 

-43 01 56.6 

344.2 

2.8 

43.8 

8.6 



13 25 15.86 

-43 01 56.6 

789.4 

1.2 

55.7 

41.6 

16.6 

EMMI_1918 

13 26 33.84 

-42 48 47.6 

53.6 

6.7 

71.6 

6.3 



13 26 33.84 

-42 48 47.6 

329.1 

4.4 

52.4 

5.2 


GC HCH-06 

13 25 25.48 

-43 01 56.4 

517.6 

8.8 

68.8 

21.8 

2.2 


13 25 25.48 

-43 01 56.4 

643.3 

9.1 

142.6 

39.0 

2.3 

GC HGHH-G169 

13 25 29.44 

-42 58 09.8 

405.0 

3.5 

29.5 

4.5 

3 


13 25 29.44 

-42 58 09.8 

689.3 

0.9 

46.7 

56.7 

6.3 


can arise from two main causes: either the asymmetric expansion 
of the ionized shell(s) is resolved in velocity, producing a close 
double (or perhaps triple) profile, or two PN separated along the 
line of sight defined by the FLAMES MEDUSA fibre are de¬ 
tected together. Examination of Fig. [8] shows obvious examples 
of both: the PN in GC HCH06 and EMMI_1098 are fairly un¬ 
equivocal examples of single PN with complex velocity struc¬ 
ture, although in both cases the line extent is large, challenging 
the PN assignment; the PN in GC G169, Hui 525, 4321, 4417 
and EMMI_1918 are fairly unequivocal examples of chance su¬ 
perpositions; EMMI_1105 and Hui 4138 could qualify for either 
category. We discuss the line profiles of these objects in more 
detail and provide arguments for the above statements. 

Given the modest spectral resolution of GIRAFFE with the 
L3 grating setting in MEDUSA mode (resolution ~40 kms ', 
R=7500 at 5000A), the internal expansion velocity of a PN must 
be large for the lines to be resolved. Typically the expansion ve¬ 
locity of a PN is between 10 and 70 kms -1 , as measured by the 
FWHM of the [O III] line, but shows little trend with galaxy 
type, M 5007 ^, etc, as s hown by the kinematic study of extra- 
galactic PN by iRicher et alJ (120101) . Extreme objects, such as 
NGC 6302, a well-known bipolar Galactic PN, can show line 
splitting to ~80 kms -1 and profiles o ver a range of velocities of 
180 kms -1 dMeaburn & Walshlll980h . and the triple profiles of 
EMMI_1098 could be an example of such a nebula. However 
it should be noted that the [O III]/H/5 ratios for the three com¬ 
ponents of EMMI_1098 are low ('fable 1 1 21 ), and not typical of 
high ionization PN, casting some doubt on its identification as a 
bona-fide PN. 

The line profile of the PN detected towards the GC HCH-06 
PN is a peculiar example with line widths of 69 and 143 kms -1 , a 
separation of 126 kms -1 (see Table [T2l). and [O III]/H/3 ratios of 
2.2 and 2.3 for these components respectively. The high expan¬ 
sion velocity, such broad lines and low [O III]/HyS ratio argues 
against the identification as a PN and suggests it could perhaps 
be a nova, or a low mass X-ray binary. There is however no de¬ 
tected X-ray source at this position in the catalogue of lKraft et alJ 
(1200 ll) . This GC is well detected on HST WFPC2 images in the 
programme of Cote et al. (HST Proposal G06789) in F555W 



Observed wavelength (A) 


Fig. 8. Spectra of all 9 NGC 5128 PNe, showing double- or triple-lined 
[O III] profiles, are displayed over the extent of the 4959 and 5007A 
region. The flux scale is the same for each spectrum (except for the 
brighter and fainter fluxes rescaled by factors as indicated), but an arbi¬ 
trary constant background has been applied from each spectrum before 
plotting. The two lower spectra are for the double-lined PN in globular 
clusters. 
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and F814W filters and is rather elliptical in shape (e=0.35 in 
[Holland et al.ll 1999b with a possible loop to the NW visible on 
the F814W image and a partial shell (radius 1.4") to the SE on 
the F555W image. The detection of extended structure in the 
F555W filter suggests that it could arise from [O III] emission, 
but clearly detailed observation is required to elucidate the na¬ 
ture of this peculiar target. 

iMinniti & Reikubal (120021) first detected the PN in G169 and 
this was the first PN detected in the globular cluster of a giant el¬ 
liptical galaxy. [Peng et alj d2004bl) in their study of PN and GCs 
also observed this GC but with slightly higher spectral resolu¬ 
tion and observed a double peaked profile to both [O III] 4959 
& 5007A lines. They called into question its identification as 
a planetary nebula on the basis of the line splitting of ~300 
kms 1 and suggested it might rather be a supernova remnant 
(SNR). G169 was targeted in this study to bring higher spec¬ 
tral resolution to bear and the result is curious. The measured 
line splitting is 280 kms -1 (Tab. 1 1 21 ). and both components are 
narrow, with the redder component the stronger one. The red¬ 
der component is within 40 kms -1 of the radial velocity of the 
GC (649 kms -1 , I Woodley et alj[2010at) . and this was confirmed 
in the FLAMES spectra by measuring the velocity of the GC 
H/f absorption line (see Sec. 15.3I >. However the redder compo- 
nent appea rs to be much weaker than the bluer component in the 
[Peng et all f 2004 b}) observation. The velocity coincidence of the 
stronger line with the GC velocity is within 2.5cr, based on the 
combined errors of GC and PN velocities and the velocity dis¬ 
persion for a GC of the absolute V magnitude of G169 (Sec. 15.3k 

The redder component of G169 has a higher [O III]/H/3 ratio 
than the blue (6.3 v. ~3), although the value for the blue com¬ 
ponent has large errors as the lines are weak. Either the bluer 
line profile has strongly declined in brightness (implying very 
high electron densities for recombination since only a few years 
elapsed between the two sets of independent observations) or 
this is a displaced emission line target, such that it was only par¬ 
tially included in the FLAMES MEDUSA 1.2" aperture. The 
latter interpretation would favour the +ve component truly being 
a PN in the GC population and this is favoured by the [O HIJ/H/j 
being higher than for a metal rich HII region. The -ve component 
might then be a chance line of sight PN, or HII region, similar 
to other double-lined PN (c.f. for example Hui #525 in Fig. [Sj. 
[Peng et aTI ( 20041) ) also mention that the [O III] emission ap¬ 
pears to be offset by 1V4 to the north-east of the GC centre; pre¬ 
sumably this refers to the stronger +ve component but, given the 
discrepancy, cannot be certain. Taken on its own the GIRAFFE 
spectrum favours two, presumably unrelated, PN spatially close 
to each other, but not coincident. An extended object, of the same 
size or larger than the FLAMES fibre diameter, can be ruled out 
as then both components, equally strong as in the Peng et al. ob¬ 
servation, should have been observed with FLAMES. A typical 
SNR at 3.8Mpc would be barely resolved even at HST resolution 
and is less likely to show narrow line profiles. 

EMMI_1105 rather presents a hybrid case where the sepa¬ 
ration of the two line components, at 127 kms -1 , is very large 
for a single PN and the higher velocity component is very broad 
(FWHM 107 kms -1 ). A high resolution image of this target is 
available on an HST WFC3 UVIS image in F606W filter, taken 
in the HST programme GO10597. In the vicinity of the PN posi¬ 
tion, and within the MEDUSA fibre, there is a partial filamentary 
loop structure, assumed to be emission but this cannot be certain 
since the passband is broad (but includes Ho- and [N II] emis¬ 
sion). It may be that the broad line emission at 630 kms -1 arises 
in high velocity extended emission unrelated to the PN. 


EMMI_1918 is situated in the region of the outer NE optical 
jet with considerable diffuse emission in the vicinity. The -ve ve¬ 
locity component is in addition very blue shifted (by 490 kms -1 ) 
from the systemic velocity, although both components are fairly 
narrow and of similar width, (see Table [12] and Fig. [8]). Some 
uncertainty as to the PN classification of this object is implied 
and both components may arise in large scale ionized gas com¬ 
ponents associated with the emission from the jet interaction. 

There is a very curious coincidence in radial velocities for 
the two PN Hui93_525 and Hui93_4417, showing similarity to 
within the errors for both components. The relative strengths of 
the blue/red [O III]5007A strengths is however reversed between 
the two sets of profiles. The raw spectra were examined for any 
instrumental effects that might have caused this coincidence: the 
two PN result from different fibre positions P2C and P2D (see 
Table O, their m^ )mA differ by 0.39 and they are well separated 
on the sky (distance 146"). 

This leaves 4, perhaps 5 objects (if Hui93_4138 is included) 
as likely double PN resulting from chance line-of-sight superpo¬ 
sitions within the MEDUSA GIRAFFE fibre. Given that one rea¬ 
son for overluminous PN in the [O III] PN luminosity function 
could be line-of-sight superpositions ( dJacobv et al.ll 1990h ), it is 
interesting to assess whether 4-5 double lined PN i s expe cted in 
a sample o f 1135; the 132 PN with onlv lHui et all (1 19951) and/or 
iPeng et akl (l2004d) velocity measurements (Tab. [IT]) were not in¬ 
cluded on the grounds that the spectral resolution and signal-to- 
noise were neither sufficient to detect double-lined PN as in Fig. 
[8] A simple model was developed to generate the surface density 
and number of detected PN, and to assess how many double, or 
triple, detections are expected within a 1.2" FLAMES fibre. Ini¬ 
tially the 2MASS image in H band was used to match the surface 
density of PN, but given the complex spatial sampling of PN in 
the FLAMES data, without systematic area coverage and with 
varying brightness limits and restrictions on fibre placement, to¬ 
gether with the presence of heavy extinction of the central dust 
lane, the measured PN surface density was used instead. Simple 
fits along the galaxy major and minor axis were used to gener¬ 
ate an elliptical de Vaucoloueurs distribution with R e ff=23' and 
ellipticity 0.45 with surface density set to that of the detected 
PN (central surface density extrapolates to 1.4 PN arcsec -2 ). A 
mask was placed over the core of the galaxy to match the size 
and presence of the dust lane. 

A Monte Carlo code generated the number of observed PN 
utilising the PN surface number density as the probability dis¬ 
tribution from which to sample. Multiple trials were performed 
(usually 1000) to determine the mean and standard deviation 
of the number of double and triple PN within one FLAMES 
MEDUSA fibre. Fig. [9] shows one of the realizations with the 
double and triple PN indicated by different coloured symbols. 
The average number of double PN detected was 4.8 + 2.2 and the 
average number of triple PN produced was always < 1. Variations 
in the ellipticity and R e ff were made but these numbers with the 
standard error bands were typical of those models that did not 
produce too centrally condensed PN surface density realizations. 
A rather extreme inclusion of two PN within V!2 was taken, but 
given typical seeing of 1" this may be realistic to detect two sets 
of line profiles. The conclusion of these experiments is that the 
number of double lined PN, assumed to be line-of-sight super¬ 
positions, is compatible with the distribution of surface density 
and the number of PN observed in this study. 

The 5007A magnitude of the 5 PN accounted by probable 
line-of-sight coincidences (excluding the ambiguous case in the 
globular G169) lie in the range 24.2 to 25.6 based on the pho- 
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Fig. 9. Example of the results of the Monte Carlo simulations for the 
number of double-lined PN occurring in the sample of 1135 observed 
with FLAMES. The spatial distribution of PNe is shown with the galaxy 
rotated (by 35°) with the major axis along the y-axis. The black crosses 
show the observed single-lined PN and the blue crosses all the double- 
lined PN (see Fig. [8}: the red crosses show the simulated single-lined 
PN. The four double PN resulting from this particular Monte Carlo sim¬ 
ulation are shown by the green pluses. No triple-lined PN were detected 
in this simulation. The central region masked out of the simulation cor¬ 
responds to the extent of the dust lane (although a few PNe were de¬ 
tected in this area, including the triple lined PN EMMI_1098 and the 
double lined PN in the globular cluster H6). 


tometry of lHui et al. (1993b) or the calibration based on the [O 
IIIJ5007A flux against magnitude (Fig. 01. If the imaging survey 
was made at similar resolution to the MOS spectroscopy (i.e. two 
objects within 1'.'2 are considered as a single object), then none 
of these double PN would occur at the bright end of the PNLF 
in the steeply rising portion of the distribution (see iHui et al.1 
Il993al , Fig. 8). These double PN would not therefore signifi¬ 
cantly affect the peak /H 5007 A, which plays an important role in 
the fitting of the PNLF, more especially when the number of de¬ 
tected PN is small. 


5.3. PNe in globular clusters 

48 globular clusters (GCs) were targeted in the SV observa¬ 
tions. Of these, 9, excluding HGHH-G169 and HCH-06 (Sect. 
15.2) , were found to contain narrow emission lines, suggesting the 
presence of a PN. Table IT3llists the name of the globular cluster, 
its coordinates and the PN radial velocity, FWHM, [O III] rela¬ 
tive line strength and [O III]/H/J ratio, where available. FigureflOl 


shows the [O III]4959,5007A emission line region of these GCs. 
The [O III]/HyS ratio is a useful discriminant between a bona fide 
PN, with higher values of this ratio, and an HII region or neb¬ 
ula ionized by a cooler star or perhaps shock ionized, with gen¬ 
erally lower values. The HII regions observed in the dust lane 
of NGC 5128 for e xample have [O III]/H/3 ratios around 0.60 
dMoellenhoffll 198 it iPhillinsll 198 lh : this value can be contrasted 
with the distribution of [O III]/H/1 ratios in Fig. 0 

In order to determine if the PN and the GC are related, the 
most direct method is to compare their radial velocities. The 
velocities of some of these GCs are available in the literature 
dPeng et al.ll2004at IWoodlev et alj|2007l l2010al) . Velocities can 
also be determined by cross-correlation using the GIRAFFE 
spectra. Given that no standard stars were taken for this purpose 
with the FLAMES in MEDUSA mode, a cross-correlation tem¬ 
plate was formed by averaging the three highest signal-to-noise 
GC spectra (HGHH-C6, HCH-21 and HGHH-C4), and shifting 
the other two spectra to that of HGHH-C4. The radial veloc¬ 
ity of this GC was measured by IWoodlev et al.l (120071) as 689 
+ 16 kms 1 and so was taken as the template velocity. Cross 
correlating the other GC spectra against this template, and com- 
paring the me asured velocities with those from IWoodlev et all 
d2007L 12010a ") for 17 GCs enabled a modified template velocity 
to be determined which better matched, on average, the veloci¬ 
ties from the literature, and resulted also in consistent velocity 
for HGHH-C4 within the error. All cross-correlation measure¬ 
ments were preformed using the \RA\\fxcor task. 

For a PN to be directly associated with the GC, i.e., bound 
by the GC gravitational potential and not a chance line-of-sight 
coincidence, its radial velocity must be close to that of the GC. 

1 Jacoby et al.l d2013l) surveyed many GCs in M31 for evidence of 
associated PN through the detection of the [O III]5007A line and 
suggested a criterion Av~3cr T , where Av is the absolute differ¬ 
ence of the PN and GC velocities and crj is the quadratic sum of 
the errors on the PN and GC velocities and the internal velocity 
dispersion of the GC. Table IT4l compares the Av and cr T values, 
except for HCH-08 and HCH-19. These two clusters had noisy 
continuum spectra and no other velocity was found for them in 
the literature. The velocity dispersion of each GC, <Tc,c , wa_s_es- 
timated from the absolute T i magnitude following ’Jacoby et al.l 
(f20l3l) Eon. 1. If T i was not available, the R magnitude was em¬ 
ployed taking the mean (R - T \) = -0.080 from the IWoodlev et al.l 
( 2007 ) catalogue; where the R mag was not available, it was esti¬ 
mated based on the V mag and a constant (V-R) colour of 0.547 
from the mean of Woodley’s GC photometry. A single value of 
reddening of Ay of 0.40 from Schlegel et al.i ( 1998 ) was adopted. 
The values of cr GC ranged from 3 to 15 kms -1 . The largest con¬ 
tributor to cr t in Table fl3l mostly arises from the uncertainty on 
the GC radial velocity. 

Two GCs show convincing evidence for a bound PN (i.e. 
Av < 3cr r ): M74 and HGHH-G169. The velocity of HCH-06 as¬ 
sociates it with the positive velocity component of the emission 
source, but the nature of this source suggests it may not be a PN. 
Another GC, M24, shows possible evidence for association with 
a PN, although the large error on the GC velocity renders this 
much less convincing. Of these three candidate GCs with asso¬ 
ciated PN, H/3 could be measured once the template spectrum, 
shifted to the radial velocity of the GC, had been subtracted. 
G169 was discussed extensively in Sect. 6.2 and the [O III]/H/1 
ratio of the component closer to the GC velocity shows a fairly 
high ratio, arguing for a PN; the lower velocity component shows 
a lower ratio so may not be a PN. M74 has a detected H f3 and the 
[O III]/HyS ratio is 11 (Table IT3T). strongly suggesting an associ¬ 
ation with a PN. M24 shows a low [O III]/H/3 ratio (Table [13); 
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Table 13. PNe in NGC 5128 globular clusters (excluding two with multiple velocity components, see Tab. ll2l l. 


GC 

a 

( h m s ) 

6 

r ' ") 

Velocity 

(kms -1 ) 

Error 

(kms -1 ) 

FWHM 

(kms -1 ) 

5007A flux 
(Rel.) 

[O III]/H/j 

HCH-01 

13 25 16.22 

-42 59 43.4 

795.5 

2.4 

57.6 

15.4 

1.0 

HCH-02 

13 25 16.68 

-43 02 08.7 

565.9 

4.9 

62.9 

8.8 


HCH-08 

13 25 26.95 

-43 00 01.3 

604.0 

0.9 

64.4 

73.3 

0.9 

HCH-11 

13 25 27.49 

-43 01 52.0 

492.8 

10.7 

125.6 

22.3 


HCH-16 

13 25 30.30 

-42 59 34.8 

577.9 

6.6 

140.7 

28.6 


HCH-19 

13 25 31.75 

-43 00 33.7 

548.8 

3.8 

85.2 

23.3 

1.8 

M24 

13 25 19.84 

-43 00 54.0 

616.8 

2.7 

103.6 

29.2 

3.1 

M30 

13 25 40.45 

-43 02 51.3 

290.3 

1.5 

41.9 

15.6 

1.0 

M74 

13 25 18.52 

-43 01 16.0 

639.7 

9.7 

122.3 

20.2 

11.3 


Table 14. Comparison of GC and GC PNe radial velocities 


GC 

Alt. 

V(GC) 

(kms -1 ) 

Error 

(kms -1 ) 

V(PN) 

(kms -1 ) 

Error 

(kms -1 ) 

Mj i 
(mag.) 

> 

1 

"P l 

3 

3 x ctt 
(kms -1 ) 

PN & GC 
related 

HCH-01 1 

00)168- 

623 

42 

796 

2 

s 

NO 

00 

173 

138 

No 

HCH-02 1 

GC0171 2 

291 

20 

566 

5 

17.6* 

275 

75 

No 

HCH-06 1F 


680 

51 

643 

9 

18.9* 

37 

101 

Yes 

HCH-06 1Z 


680 

51 

518 

9 

18.9* 

162 

101 

No 

HCH-08 1 


631 x 


604 

1 

19.6* 

33 

60 

Yes? 

HCH-11 1 


641 

17 

493 

11 

18.0* 

148 

75 

No 

HCH-16 1 


443 

18 

578 

7 

18.0* 

135 

73 

No 

HCH-19 1 




549 

4 

19.5* 



? 

HGHH-G169 3y 


649 wl 

16 

689 

1 

19.0* 

40 

56 

Yes 

M24 4 


467 

175 

619 

3 

21.4* 

232 

525 

Yes? 

M30 4 


792 

43 

290 

2 

20.2* 

502 

166 

No 

M74 4 

GC0182 2 

651 

64 

640 

10 

19.4* 

11 

195 

Yes 


Notes. 1 HCH ^Holland etakl (l999) 

2 IWoodlev et al J 120071) 

3 HGHH~ =fHarris~etal](I 9921) _ _ 

4 M = lMinniti et al.1 <2004 ) with coordinates fro m I Kraft et all J200 1 I t 
1 +ve component of double emission line only 
z -ve component of double line only 
* Adopted from observed V or observed R mag 
x Cross correlation failed - estimated by eye 


T1 photometry fromlWoodle^et^l 


w2 Radial velocity from lWoodlev et aT 


1 2007}) 

1 201013) 


although not conclusively ruling out a PN (younger PN with a 
lower temperature central star or a high density shell, can display 
lower values of [O III] flux), this casts some doubt on the emis¬ 
sion source being a PN. M24 is additionally interesting in that it 
shows a [O III] 5007A line profile with a blue extension, which 
can be fitted by two components with a velocity separation of 
85 kms '. This GC exhibits an X-ray detection with Chandra of 
6.7 x 10 36 ergs s -1 in the 0.4-10 keV band in lKraft et al.l (1200 ill . 

5.4. Emission line spectra in the north-eastern filaments 

In the two FLAMES observing runs, typically ~ 15-20 fibres 
were allocated in each setup to assumed empty sky regions. In 
a few cases emission line spectra were detected in the sky fibre. 
Since the Period 73 open time run for Fields 7 and 8 configu¬ 
rations ("Table [6J were located in the region of the north-eastern 
filaments present along the radio and X-ray jet dGrahamlll99 8!). 
by chance a few sky fibres contained emission lines. Close in¬ 
spection showed that these are indeed connected to the ionized 
gas in the filaments. 


In Field 7 three sky fibres fell on top of the filaments: 

1. The sky fibre #66 had RA=13 26 26.44, Dec=-42 50 10.9, 
and is located in the outer filament of the NE halo, roughly 
between s lits A and C oflGrahaml(fT998l) . The measured ve¬ 
locities in lGrahaniil (Il998h are 240-355 kms -1 in that position 
(slits A and C, respectively) while 410-416 kms -1 was mea¬ 
sured with FLAMES. 

2. The sky fibre #182 had RA=13 26 20.87 and Dec=-42 54 
41.5. This is to the north-east of the inner filament. The emis¬ 
sion was only very weakly detected in the 5007A line in one 
of the two exposures (Field7_l) corresponding to a velocity 
of 591 kms 3 . However, this detection is very uncertain, and 
could be affected by a cosmic ray, given the lack of detection 
in exposure Field7_2. 

3. The sky fibre #186 had RA=13 26 05.01 and Dec=-42 56 
57.2. This by chanc e fell on top of knot C in the inner fil¬ 
ament observed by iGraham & Pried (119811) . Their [O III] 
(5007+4959)/H/7 ratio is 14, while a value of 8.0 was mea¬ 
sured on the GIRAFFE spectrum (5007A/H/I = 5.9). The ve¬ 
locity of 252 kms -1 measured with FLAMES is somewhat 
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Observed wavelength (A) 


Fig. 10. Spectra of the NGC 5128 globular clusters with detected 
[O III]5007A line emission, displayed over the extent of the 4959 and 
5007A region. The flux scale is the same for each spectrum (except for 
those indicated where the observed signal was rescaled for display pur¬ 
poses). For the emission line objects in the GCs G169 and HCH-06, see 
Fig.! 


different from the 355 kms 1 measured by [Graham! (1 9981 ) 
for knot C. 

In FIELD8 only one sky fibre contained emission lines, and 
this was exactly the same position as the sky fibre #186 from the 
configuration of FIELD7. 


6. Discussion 


The FLAMES multi-object spectroscopy of 1135 emission line 
sources presented here provides a rich database for studies of 
the planetary nebula population in NGC 5128. As the near¬ 
est large early-type galaxy, both the number of PNe and their 
detailed distribution, both spatially and in velocity, are an ex¬ 
cellent phase-space probe of the gravitational potential of this 
galaxy. Previous studies of the luminous and dark matter poten¬ 
tials as revealed bv 431 PNe dHui et alJ (1 1 9951) ) and 780 PNe 
(Pen g et al. (|2004 cl)) with the addition of 340 globular cluster 
velocitie ~(IWoodlev et alJ (120071) ) can now be further advanced 
with the availability of the 1107 accurate velocities for PNe with 
single velocity components (Table ITOl) and the addition of an¬ 
other 132 from previous studies (placed on a consistent velocity 
scale, Table O. 

Figure|TT]displays all the PN velocities as a function of their 
offsets along the major and minor axis (PA of major axis taken as 
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Fig. 11. Upper panel: Rest frame velocity of all the PN in NGC 5128 
with an observed velocity, plotted versus position along the major axis 
(PA 35°). The systemic velocity of the galaxy is taken as 539 kms- 1 . 
Blue points are from the FLAMES SV and open time observations; red 
points for the literature values from Table ITT1 

Lower: As for the upper panel, but plotted against offset along the minor 
axis (PA 125°). 


35° fromlHui et al.l (Il995l) ). From the mean velocity of the 1135 
FLAMES PN velocities, a systemic velocity of 539 kms -1 for 
NGC 5128 is adopted and used to plot the local offset velocity 
in Fig. QT| This value of the systemic velocity can be compared 
with values of 541 kms -1 for the 431 PNe in Hui et al. £1995) 
and 5 38 kms -1 from absorption line spectra (Wilk inson et al.l 
(Il986l) . Red points on Fig, fill co rrespond to literatu re PN ve¬ 
locities from iHui et al.l (1 19951) and IPeng et al.l (l2004d) . The two 
dimensional velocity field can be modelled from these data 
using technique s suc h as adaptive Gaussian kernel smoothing 
(ICoccato et al.l d2009l) ) or fitting of non-parametric kin ematic 
profiles using max imum-likelihood (Corte si et al.l (1201 ll) et al). 
iPeng et all (l2004d) found evidence for a triaxial potential. Jeans 
equation modelling has been applied to the rotation and velocity 
disper sion profile derived from PN datasets, such as bv lHui et aD 
( 1995 ) and IPeng et al.l ( 2004c ) to estimate the mass and mass- 
to-light ratio of the galaxy and the halo in particular to study 
the presence of dark matter. The improvements in the size of the 
PN velocity database and, more particularly, the accuracy of the 
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radial velocities measured with FLAMES, will allow more ex¬ 
tensive modelling of NGC 5128. 

Another application which can be refined is the search for 
sub-groups of PN e revealed by their ph ase-space proximity 
as conduct e d by Woodley & Harris dlOUl) on th e basis of the 
Peng et al.l (l2004ch velocity data. Coccato et alJ (1201 3b com¬ 
pared the halo kinematics of several early-type galaxies, includ¬ 
ing NGC 5128, on the basis of the literature GC and PNe veloc¬ 
ities. Whilst the PNe show clear evidence of disk-like rotation, 
this is not found for the GCs. ICoccato et al.l ( 2013 1 found no 
evidence for the presence of sub-structures, unlike the case of 
NGC 1399, the central galaxy in the Fornax cluster. More radial 
velocities of the candidate GCs in NGC 5128, such_as the 800 
candidates found from B- and R-band imaging by [Harris et al.l 
d2012i) . will provide a number of velocity probes (PNe and GCs) 
exceeding 2000 in NGC 5128. Of course spectroscopic follow¬ 
up of the 1118 PN candidates, 1060 found by the EMMI imaging 
(Sect. [2]) and the rest from literature surveys, and deeper imaging 
surveys have the potential to confirm many more PNe, particu¬ 
larly in the outer regions where the density of probes is lower 
and their effect on the derivation of the rotation curve is more 
critical. 

A survey designed to find PNe as point source line emitters 
in a galaxy is subject to a number of contaminants. In the case of 
NGC 5128, the many HII regions in the area of the central dust 
can provide a possible contaminant. However at the distance of 
3.8 kpc, most of these should be resolved, except for compact 
HII regions, and can thus be effectively discriminated from PNe, 
that strictly appear as point sources at the distance of NGC 5128. 
However some small brighter knots in extended HII complexes 
may be distinguished in point source emission line surveys. A 
case in point was the emission lines detected in the FLAMES 
fibres in the region of the emission filaments, associated with 
the radio jet, featured in Sect. 15.41 However these were detected 
by accident in the offset sky fibres. The [O III]/H f3 ratio can be 
a useful discriminant of PNe ionized by very hot stars, in con¬ 
trast to HII regions with cooler stars. However in NGC 5128 the 
emission filaments associated with the jet can show an [O III]/H/I 
ratio in the same range as for the PNe (for example sky fibre #186 
with a ratio of 5.9 - Sect l5.4l >. and also supernova remnants and 
HII regions, so this line ratio is not a very reliable discriminant 
of PNe in this particular case. 

Some of the PN detections, particularly those at very low and 
very high velocities, may be emission knots associated with the 
radio jet, such as the spectra of the offset sky positions presented 
in Sect. 15.41 There are four emission line detections with radial 
velocity < 1 OOkms 1 (>440 kms' 1 with respect to systemic) - 
EMMI_1918, EMMI_2033, EMMI_901 and EMMI_1439 - and 


these may not be PNe. EMMI_1918 and EMMI_2033 both lie 
in the region of the outer and inner NE radio jet respectively; 
EMMI_901 lies to the north of the nucleus but not in the di¬ 
rection of the radio jet, whilst EMMI_1439 lies WSW of the nu¬ 
cleus. EMMI_1439has abroaderline (91 kms 1 )) than the mean 
of all detected PNe (FWHM 54.2 kms' 1 ). Only EMMI_2033 has 
a measured low [O III]/H/3 ratio (3.5) casting some doubt on its 
validity as a PN; EMMI_1918 and EMMI_1439 have no H/j line 
detected. Since EMMI_901 and EMMI_1439 do not appear to 
be related to the radio jet they could perhaps be genuine high 
velocity PNe, or even high velocity clouds. 

Optical line emission from the redshifted lobe of the radio 
jet, which presumably extends to the SW of the nucleus, has 
never been detected. There are a few detected line emitters at 
high positive velocity at an offset of about 4kpc along the ma¬ 
jor axis (see Fig. 1771 which could be plausibly considered as 


arising from jet emission. Six PNe have offset velocity > +360 
kms' 1 (all from lHui et al~!(fT995l) - 2207,530, 519,4249,42124, 
42106) and occur to the SW of the nucleus, but none show any 
sign of being other than bona fide PNe based on their line widths 
and [O III]/H/I ratios (only 42124 did not have H/i detected). Of 
these PNe only 2207 occurs close to the major axis (minor axis 
offset 89"). 

Another contaminant which can occur is high redshift emis¬ 
sion line galaxies, such as the [O II] line at z ~ 0.34, the C III] 
line at z ~ 1.63 or even Ly-a at z ~ 3.1 (for the latter compare 
iKudritzki et al] (1 19991) 1. For [O II], the 3727A line is a doublet 
with separation 2.8A, so that double line detections with a sep¬ 
aration of 225 kms' 1 could be detected from z ~ 0.34 starburst 
galaxies. None of the double or complex line profile targets in 
Table. fl2lhave this separation and all, except EMMI_1918, have 
the [O III]4959A component detected so cannot be high redshift 
interlopers. 

The number of globular clusters showing emission lines 
(Tab. 1731) . suggested as arising from PNe, is high — 11 out of 
the 48 observed with FLAMES. The analysis presented in Table 
M suggests that only three of these are convincingly associated 
with the GC, with two others possibly associated. Comparing to 
the number of PNe known in Galactic GCs (4 PNe out of 130 
surveyed) and M31 (3/274), see iJacobv et al.l (i2013l) . this num¬ 
ber is quite high. Extrapolating to the estimated total number of 
about 2000 GCs in NGC 5128, suggests the surprizing number 
of around 200 PNe in GCs. A more extensive and representa¬ 
tive survey of line emission in the GCs of NGC 5128 is clearly 
required to investigate if the proportion of GCs with PNe is un¬ 
usual compared to other galaxies, and if there is any dependence 
on the GC properties (e.g., colour, luminosity, metallicity, etc). 


7. Conclusions 

A double pronged study of the planetary nebulae in NGC 5128 
is presented, consisting of an on-band/off-band imaging survey 
with EMMI to increase the number of PN candidates and a 
FLAMES Medusa spectroscopic follow-up of a fraction of these 
candidates, as well as PNe in NGC 5128 from the literature. 
The FLAMES GIRAFFE spectrograph is very well suited to the 
spectroscopic confirmation of the PNe in NGC 5128, and the 
emission line velocity was measured for 1135 objects with typi¬ 
cal errors of a few kms' 1 . 486 of these PNe are newly confirmed 
based on the measured emission lines. For most of the PNe both 
the 4959 and 5007A components of the [O III] doublet were de¬ 
tected and for more than half (57%) of the PN spectra, the H/3 
line was also detected. These detections of other lines allow con¬ 
firmation that the targets are PNe, that they reside in NGC 5128 
and are not higher redshift contaminants. 

Such a large collection of spectra of emission line objects is 
sure to uncover some anomalies and the targets with double or 
complex line profiles and the 11 emission line objects spatially 
coincident (within the Medusa aperture of 1.2") with globular 
clusters are highlighted. About half of the double lined objects 
could arise from line of sight coincidences of two PNe within 
the Medusa fibre and it is shown that this number is reasonably 
consistent with the number expected for the observed sample of 
PNe in this galaxy. The number of emission line objects associ¬ 
ated with GCs is not insubstantial and suggests that many such 
targets could be present in the whole galaxy based on its GC 
population. 

Catalogues in machine readable form are presented of all the 
PN candidates and, for those spectrally observed, radial veloc- 
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ity, line width and, where available, [O III]/H/1 ratio, are tabu¬ 
lated. In addition radial velocities for a further 132 PNe from the 
literature, not covered in this work, are listed and the offset to 
the FLAMES velocities is provided. We encourage exploitation 
of these high quality data by the community for modelling the 
gravitational potential of NGC 5128 and the investigation of the 
past history of assembly of the galaxy. 
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